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He _. pad_ad hw Oar1 Soh ... K1_ SOhool, Ohloago, lUll101. 
Fe'bJ.tu8.J7, 1988 aad tl1CII the Ob1oaao Teaah ... 0011ep. J'abftU7. IKe 11'1"11 
the dep'ee of Baohelor ot lIduoatloll. BIt .0etYe4 hie .. ,_ ot Arts fleet 
Lo7Ola tAU .... rat t7 1n hbl"Wll'7, 114'_ 
stDee reoeS:'f1q hi. baohelor'. 4ecr-. he has 'a\'&6tl" ill the 81--. ... 
Mrr 80hoo1e, the hlp aohool., .. 4 the Chloaco Olt,.lUJd.or 0011 .. ot the 
Chi ... o MUo SOhoola. 
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T.be 1Il' ......... n __ ".elt wI. ......... ltle ..,.... d 
JOta,t.all" tor •• __ tl •• W. ~ tlrn aoen 1a 8oholuUo ap\ltwle • 
.. 4 ....... at 18 , •• zull .., ... ,. 
Xa ..... 1q eJlolaatl • .,u, .... , tlM of all, ta'a wJ:d.eh en 
lH.JIltlMl¥ obtalMCI aa4 .eA117 .,..1101e are .u..'ed. !ben 4 •• eoul ... 
~ a looa.U,r ,1'041&0414 aJ¥l .' ..... rctluct ..... t. profto1eaq ted, ..... _ON. 
f'ltaD .. Sldl .. MUlt,! JtDa. JN141*t1 -, ........ 81 !'e.-inc 841m .. , 
... a 800zre .... aloeallJ' p ...... -* ...... plao .. , '0"_ 8eOCIII4lJ'. 
ft:,.. 800ft. -1". obtai., ", a_at ..... III til. MJarF .. tel A1dU tI. .. Ma'. 
PJOdu .... 'OJ' L. L. ~ q1 'lU1_ CIIfba ~ .. ,.11 ... '" ,. 
Sel._ lieRfll"O!l MalHi.... OOX"l'elaStOll. "'.e. theft .......... a ......... 
of ...... in the ....... u.ae4 to o'btala a MC .... IIl .. ",.UOIl 1Ihlcab, it 
.. hoJe4, woul4 p1'Oft .. t 1IHt\1l. III platt .... 
I ...... , .. ,.. .. al a4~_"t ••• C21AUp-y fill. JI. Ptr_allt! 
prec1ll0e4 b, ... .., w. fl .... WUU. W. Olark. aJI4 l.Du1. B. fter,., aDA ,INIt-
11ab.e4 __ ... Oalltol"lda Yo'- Buea ....... 'th1II 'en Fle14e4 a to\a1 or 
t1tHea ...... !he. 4.' .. WN IRIltjMt.eIl to ual,..l. of ~ to 4 ....... 
a1r1 ••• thel' ,he ....... _l&a1t1oaJd 41ft'ar .... In , .. to1WlJloe be __ tit .. 
1IbofI. SOON oa ....... t&n01" •• h1c1l a' \Uae .... _ .00ft OIl a at .... fa.tor 
.. low. file ,.,.81'b111'la of Sate.Oil._ Mtweaa apt1tude ad ,...'111&&1 a4-
.,.._, were abo __ Saed. 
• 
'ftuIN are a ..,.. o~ re1Gel etu4l_ to b. tOUl'l4 121 ,_ l1t.raWn. 
1'8l1 .. GId lona'i&l a4II1ll1neN4 ,,~ '0 .-aet. whO wen plaut .. to tea 
a _ .. ~. 08 eo._ ...... .., ...... 11 adJdJd ....... a ... oaa pm .... aft .. a 
abo" ft'f'lew. At the _4 ot the oc.n..... .., adlddetue4 aa aeJd ....... ' ..... 
Ifhey ,_ oaln1ated t. oOft'aWloa .., ...... ee.oh td ,_ pNt .... aad the 
,_ red .. aht:IIfe4 .1plft .... 1J bMt ....... 1aU0Il nth •••• 1..,. . , 'ast 
t" 414 t .. _toll as attatale' __ 'betON 'III rfti_. 
a:os.Qk2 WMd tt v. 'ftlt a'blu to oalOlllat. a r .... loa .q ... 1011. !he 
-.1"1"bl .... re (1) a plao_' '.1' .''):N, (8) a htab .onool •• hi ........ ' nor., 
,a) a •• ore on " paJ'.hololloal ten. ,., a .ohola.Ue aeJd.tn" __ ' .oor.. aM 
(6) \ha aa'bw fit 7eua 111 .. h1ch _hoot Crad.U.on. He ta_ tIaa, a re-
p688loa ."1_tloA ba'" on \hi tll'at .. TtU't .. 'Dla .... tloue( abow •• about 
.a .tt •• tt .... tor pndlctloa ••• l''esreu1021 aqvatlO'a bue4 on all fi .... ftl"1. 
abl.s. He .. able .. predl" tll.··sratt .. ot Dl .. .." ... tl .. peroa. ot the etu-
deMa to "'thill ODe let'er graAe. 
AbIItma. adUl ... d c:aoota _d. a sun., of auet,. hablta, Th. re-
ault. ot 'h1a nudl' telled to OOft'elat •• 1ca1t1oan'l¥ with. _sure O'f 
.. -rXaUel". ).f •••• aa4 .leah. B. 'I. S.t ......... tor P.1l'ed1.tlD1 SUo •• s. 
In a 111'.' Oour .. 1 •• 1b ...... !. IUl ntil! :f!III!E. 411180-186, DMem'ber 
1948. 
2m:. .... c. F., "Matl: .. " .. Plao_' at tM UDl ..... lt,. r:I Orescmtt, 
.-Jr_ J!dt.s "oM 19Dt4z:. "1184-13'. AP.l, 1M1. 
'.Abaa. 1.8., W* .... L •• aDd Oloe1t. M.D •• "P.Ndlotlxw aue •••• 
In College bJ' _. or fftu~ Bald. ,. act Attitude l_-._zrt. II!&!At&anll.lll 
PayoholOlioal Keaaur .. at. 18 Mo. 4" 85a-atS'. Wi'-., 1908. 
--
, 
ncoe •• in coUece. 7urthell'", when 1aoluda4 In a te.t batter,y, the reault. dld 
not aM to the predlctl"e valldl..,. ot the bdte1'7. 
Karch .. 4 WaG UJUIUoees.tu.11n an att-.pt to predlot suooess In _tbe-
_ .. 108 on the basta CIt 800res OIl the 811"15 immQ1! al1lWa)&ol!UoAAl2l!.-
.2!! Jqa1mtloR. (,A. C.&. ) the HArzAAA4 4r\se!a:a 6P:UDd, l'!!1. and a readlnc 
ntlon and Intereat. He alao 1!ftl88eated tbat be'twr resul"s DI1sht be obtained 
it the 8BII'lJ>1e .. re dlrtded into sub-groupe on the ba.ts of such factors as 
age, a_. marl tal statua, etc. 
BarreU5 tound the A.C.Ie. quantltati:ve aOO1"8. oorJ'eWed with marks 
in lDIlth_tlos to a .1p1tlC81ltlJ greateJ' ext eat than did 11ngu1rilc aoore. 
in onl, two out of six oollParS,aons. a. f\t.r'ther found. that 1be can-ela1t on ot 
the quantitative acores with math_tios arka was sout the ... aa the 
oorrelatlon ot the total aOONa with the matheatloa arks. Thl. led. him to 
tbe eon01uelon tbat quantitative .00 •• on the A.O.E. should not be used aa a 
differential. predlotor of aueee.s In oollege Il8.th_ttos. 
"varohe., 1. R.. "_lrical s.uCQr of Pal"fomaaoe ln Math .. U oa and 
PerforJlBlloe on Sel.ect_ latranoe ]tnmiatlona", l2lll1YW: Slt l@\\qltlO!1fY. ~Re!!!a_~ 
58: 161-1S' , 18DUa1"1. 1160. 
5s.arrel.l, D. M.. "Ditterential Value ot "Q" and ttL" Score. on the 
A.O.E. Psyohol04 cal Ex:am1nat ion :fJi:Il' hectioti • .Aoh1ev .. t in Oollege !lathe-
_'los", ls!t.ll!!:..9t lJuq!l9lesl. 82:205-207, April, 1952. 
5 
lCLugh and Blerl.,.6 touad tht the ooetfto1eat at IIUltlple oorrela-
tion, u.s.n. the §o1\2.9l: II! S!9llts! Ab,*'k ~ aDd the h1ch eohool pade pOint 
averase &8 prediotora tor college auOON. waa ai_noaatly h1 ... than was the 
cOl."'relatlon ot e1 ther 111 th oollege succe8S. 'l'hey tOUDd that eaoh predlotor, 
used nparatab, had a va11di tJ' that was appl"'OXlmat sly e qual to that ot the 
other. 
Krathwohl' tormed an "index ot IndutrlouBDea8" by subtraotlna a 
nudent '8 800re on an aptitude test flOm hi8 800re on all aobineent teat. ae 
touad Ii o01"relation be'","a thla index cmd .. achln8llld test in a eo11ege 
algebra coUt" se. He ccmoluded that 1b i8 index oould be uaed to measure the 
quaU V ot a aw dent's atuc\y ha bi ta, cd that the degree ctl sucoeas of the stu. 
dent depended in part on the exoell_.e of these habl t8. 
BroIal.,. and CarterS oaloulated oorrelations 'DRWHIl math .. t1 08 and 
81% prediotor Yarlable •• 'lbe three predictors Whtoh oorrelated beat .ere (1) 
the total aoore on the M29Ptratt VJI 2E!F!l Ath1ft!!U1\S!!IL (2) the mathema-
tios oomprehension aad interpretation lOon on the .Q2.om!rISY' iStrJl, 
Atb!ufll!llU 1u.it ead (8) the hip school gJ'8.de point .. enae. 
Inugh, H. E. a».d 131er181, It •• "School and 0011ege Abl11V Teat am 
High School Grade. 8S hediotora of College AObievanent", mUQ!,tl ClIlf!6, !DA. 
l.toomol2s19!J, Mtasu1· .. M. 19 No. ,,625-&26, Winter, 1959. 
'Krathwohl. \1. 0 •• "Effects of Industrious and Indol.' Work Habita 
on Orad. Prediction in C011eg8 Nathlildatios", loumal.2! fA!.!olt&QQ§l Re8!!l!h. 
48:82-40. Sept_ber, 1949. 
Sarc:aley, A. and Oarter, G.C., "Prediotability ot SUooes. in lIathe-
-.tlos". lSl'P£!!!l S!! IMumloni! R!!!!loh, 441148-150, Ootober, 1950. 
--
6 
'lllere have be. nUllBZ'OQ8 other _1141 .. particularl,. on el--tar.v 
aDd M&h .,h001 lft'el, dea1iDl w1 'th taetora in math ... aal aahl8T_nt. How-
8Y8r, thfl1 bave III1ah le.8 direot rel .... ano. to the present reaearch. 
r 
OIlAPl'lm II 
OCERILA'rION 'l'HlIDaY R1£LE'I1I1T '1'0 PR~JIOTION 
Al'houp TIIll"'1OW1 writer., 1.1ud! .. aueh peraolUl as Karl F.re4l-1oh 
Gaus. (17"-1.8), 0l0'f1t.DD1 Plana (178l.-1864) aa4 AU&Ut l:lraftla (1811-1848) 
414 W01"k .hioh poi_ad to .. 41800.....,. ot the _ ..... t fI oonelatloD, the 
tlrat real tol'lllUlatloD ot ~ ocaoept ... 4enl0pe4 b:v 811' J'ranela Qal ton 
(1822-l.9U) no tlra' uae4 the .,..1 wr" 1a t. 18,ots &ad who _owed how " 
oMain 1'. Talue hem the slope of .. 1'8Cl"eaet_ 11M. IJ 1atl I'al-l Peca.raoa 
(186'.1981) bad 4eYelo1*l 'ho pJOduct, ..... t •• thod ot oe.1oulat1llc the 001'1"81&-
'lon ooettlola.t, -1'-. 
XD 189., l'erl PearIlOA also devoloped the ''Ooett101ellt fit dou'lo re-
pea.loa", lIbleh 1. now oe.l1e4 a ooefflolent ot altlple recN.810n tor 'WO 
ftrle.blo. Ia l.8t'. G. V. 1Ule, .. aftd.' ot Peu-aon, pablta!ae4 two paper. 1a 
Wbioh he used the .7Iibol wa- tor the tlrat t ... to .pre_' the GOettlol_' 
ot lIUl .. tlple oorrelatlon. In one at "10 two paper. he sav. a theoNtloa1 
juatltloat1oll tor the _hal prrt1OW1l7 4eveloped '7 M. Ii. Doollt'lo, who .... 
~ld. __ til ,_ U.S.Coa.t u4 Oeode'10 sa:rv.,. tor the oe.loula\l011 ot the 
lIUl.'lp1e oornlatlO1l ooetttole.' _4 the tmltlpl.e regresetOll ooet1'101enta b1 
tha solutloll ot IlOl.'IIfll. equations. In 'he o~ .. pap __ • he appl'Oaohe4 the _b-
jao" in .. aother "Dar, p01.1. to the method a .... eloped 'by Philip tuBo1 •• 
baaed on 'he 1'e4uotl0D ot orltel"lcm. varian .. ln a Tarl ... oa-ooftJl'1anoe _'me 
'!'he _thod developed b7 DIlDoI. 1. the -'hod that 1. used In 'hi. 
stud7 to 4s'er.ad._ the mul.'lple ooRelatlon ooettl.l_' .4 ,he multiple 
, 
8 
nareaalC1l coettlole.ta. !ha racl.. la l"etefted to DQBolal book tor a ooapl •• 
'reat .. , 01' the llfIthod. Bl"latll', 11' ,he ort.alaal. aoore. are 1It041tle4 so that 
the ..... or aU •• ot aOOl"88 a18 aero aad thelr ataD4al"d d8"r1atlcm.a are 0_ 
a:D4 lt ,be ftl'lanoe due to ODe of the pred101Jor. 1. 8\1btraotad tram the varl-
uoa or tbe oriterion, that. .. e aq-.re of the OMmet ... ot correlatloll b •• 
twa .. tbe ori.t8l"1oa _d thi. predictor Oall be ob .... ined 'by aubtranlll1 thla re-
dv.oe4 varianca troll one. DuBois prea.ta a method 1n 'llh1eh, thl'ough _trlx 
open'ion8, 1 t 1. pos. ble to auOOHat Tel,. subtraot mm the variance ot the 
01"1_1011, that porUoa ot lts Tartan" that 1. ueoc1ate4 with each ot _ .. eral. 
pred1ctors. 'the square of the OCMtttola:t ot mult1ple correlation 1. tbeD ott-
k1ned by subtraotlnc thl. :N4uoed yarla_ t:na ODe. 
lAt 118 SUppose that I' 1ncllddQala have ha4 'ea ODe _4 teet two ad~ . 
I \ 
ministered to th-. .. IIB1 aJIlboll •• this en ot lndlY1duals b)r i Ii • J'Unbel", 
1., us auppoae that the IIUNUl 800ft on each '.at 1a tranatOl."lHd to z .. o, aDd 
that the standard. d.enation 01' the aoor8. OIl saa ta.t i. ue..romed to ou.2 
I \ 8li aDd the set 01' all eooru on teat one, '" the 8JIibol~-11~. In the l1ka 
-=er .. M7 repreMllt the .001"8 of the ith 1Ild1Y1dua1 on test We) 'b7 -Sl,ud 
195'1. 
&theN 18 no lo.a ot 8_wall tr ln thla "88'U1lption, alnoe _ ., al ... 
WQ1I 001l't'm" ..,. •• , ~ SOOft, 1Dto •• " tom. '!hls procedure _OWl'. to a 
tranalaUoa ot axl. _4 • .".81011 or oOllvaotion of 'he soale, It the .. 
• oor.s are 8l"1'Cpd in a 8."8l'1ft1Ja. ,_ point. 111 U rema1Jl In the __ plao. 
Wh11. ,Jut 000l"f1J.Dat • .,. ... 1, "sine ,ma. oIIu&ed. 8ino. thi. la eo, ,he 
~h or the reta'i.ahip, 1I'h1oh i. ,he 1'_ of 1Merest 1D 'h1s dis_ •• lon 
wm no' _ atte.'ed. 
9 
the Sft ~ all aoorea on teat two. by the QIIlbol £"z211- We note that ~1 
t ; 
and z21 are paired aooraa at the ... 1n41Y14ual. OIl the two te.ta. 
Lat ua now dlTlde the aet : tJ of 1ad1v1dual.a who haYe 'been teated 1n-l J ' 
to sub .. ts auoh tbat the 1ndlYlduw 11l e4ah suba.t haTe the •• e aoore on teat 
one. We IM1 dealgaate II tnloal subaet l:tJ' the 8)mbol j JJ • the aoore on 'eat 
one of all lD41 ... tt'hlal 1D that an tt,. the .,abol -1.1 • sad the ... lndl'r1dual' a 
a 
HON on ten two by the a"o1 Za". Let us &180 dea1gnate the set ot aOONa 
r ' 
ot the ln41 vtduala la ) j.i 
! ". 
" 
on ten one '0,. the a,abol: Z1~' and the .. ot .oorea 
I. 'J 
" , 
ot the lm!lY1dv.ala ln ; jj OIl t.a' two 'by j Zaj', _ We wl11 1'81)1'"e8811t the ... 
t .J " ) 
ot the aet i Zajl "the Qmbol Saj· 
" ' 
It we ooutrucn a aoattergram ualng a reo~ aartealan coordln-
ate .,.&tea. plottl118 the test OIl_ yalu.. on tM abaol_. and the teat two 
ftlu.. OIl the ordlnate. 8114 1t .e &110 plot lIhe polnte:: -1,1' 8"i tor all e.ta 
[ "5' and 1t 111 d .... ol.opa tbat aU of thUe polnts. :: -lj' 'l'ai are on the ... 
atra1.' 11_ whiob. paa ... through the oJllaia, • e Will ret. 110 the relatloD. 
""\ f"\ 
be __ ." Sl~ and[ .a~ as I1D.8al". The .-4811t ot anel.7tl0 geoNt17 Wlll reool'" 
, " . 
niae the aquatlOll ilj • r Slj Wherft r 1a a oonstaat a. the equat10n of a 
atraight 11_ paas1nc tbl-oUSh the oria1a raad thU8 as an equatlon that WlU de. 
aorlbe our nlat1.Ollahip. III the 11th' ot tocmaote JlUIIlber three. _ 'Ir1U 
wr1 te th1.. equa1l10n Tal • 'J! "l1 lt 1. 1.s in: f. We W1ll rete:rto tM. 
~. ~J. 
a ' w. may u.. the aJlllbol 81, u4 the p)ln.. 81~ wh_ 1. 1. 1a 1 ~i l11t .. -
ohaDpab1.7. as .. lao 'he .,.'bol 82j aad 'Ile phra- -21 when i 18 in; 3.: , and the 
symbol i"SJ and the phrase .81. when 1 18 1n i ~ - Vb_ 1 1.s in i:~; alltb.e 
.001"88 in ,he .e~ au} are equal to eaoh otller but the 8core. 1n the .. ~ ~ 
are nol neo.aaar1ly eq1al. '0 e8Gh other. Wen thia 'he 08.S8, 1t woul" be 
pemble to pndlot f!IJl lnd1.'t'1d'Ual '. aoor. on ten two from a knowledge ot hia 
sooro em teat one without error. There wotll4 be 1\0 need to app17 the reault. 
ot such a dlaauaa10n as .e are now _kiDS-
10 
equatlon .s th.e recress10n equation ot {Sll} on tsaJ . 
Our next task 1. that of tf.Ddiua the be. pred1otlO1l or an 1ndlY1du-
al. '. score on tes' two that 1Ie CI8Il ake t .. a lmowladp ot hi. 800ft on te.t 
one. In Ol'der to 40 th1a _ w1U t1rst establlsh 'the following proposltion I 
at. .... Rt * &we:! 91 !b! A!!!!Mloy 9! .!. .I.!i 2!. l!9.DI .t'!S!! .s!l!. !!!Y. 91.. 
.ilYl.ae• 1!.l!!I.l!!Y. ~h' .. 9t. the 'emma 2t ~ de'fi.atlona trom .!Bl. o'AAr 
22int 9A.!A! ssMe• The proof toUows; 
Oiftll the set of soores {xJ the II\1Dl of the square. ot the de-
'dattona ot these Soore8 troa the poiat k 01'1 the 80ale 18 g1 ... by 
u • t(X1 - k)a 
• E X21 .. 8k t Xi • aJt'& 
..... 1.,~ the 1WJI'b8l' of •• Ol'H 111 [zJ. W. wleb to t1n4 k so 
that u Will be lIlah ••• 
ii f::-! lXs. • au 
-2 l:Xt. + SDk • 0 
k. 00 
n 
!his ftl.u or k obtained by aettlng the first d.riftti .... equal to 
aero 18 oall .. a or1t1oal value. At a or1tloal value, 1t the 
HCOnd denvatlv. la positl .... the tunot10n 18 mld .. '!m; it ~ 
seoond der1 vatl V8 18 .e.t1 ft 'the tuDotlo11 18 maxllllU1a and lt tbe 
aecond d8l"'1va.tive Is zero the tunct10a 1. ne1ther 1lliftXs.a nor 
mid... I\.CJCOrdlnc17" , •• t the seoond "'eriftt1ve and find 
~~I· aa}o lndepen481lt17 of the value of k. Therefow 
k • J:X& ls the dea1re4 ... alu8 ot k that will make the 
D 
tun.ctlon U H Jd.n1aura. 
This 'falue tu 11: 18 the aean of the set lxJ. We have juet Pl"Oved tha' thi. 
IIIed 18 the ftlue whioh. whell substituted tor k gl""8 a aiDSanm u. Aooordlng-
11', the _an 1s the poiu on the awe from. which the sua of the *lucre. ot 
11 
the deviatlons ot the acorea ls m1ntmum. The truth ot the proposUlon set 
torth abOTe ls established. 
ReturniDa to our prabl_ ot tinding the best prediction that we can 
make ot an 1nd1vidual 'a score on test two tr<a a lmowledge ot h1s aoore on 
test one. let us adopt the tolloWing cr1ter10n tor the beat prediction. We 
will conaider that, tor eaoh tj ~. kj 1a the best pre~10tioll it tb8 aum ot the 
sqU8l"es ot the dev1atiOJ1s ot the acorea {Z2,} :trom 1I:j 1a a1n1Jrrum. B.r the 
proposit1on proved in tbe last paragraph k j DlSt be the mean ot the aet {za,}. 
We have desigoated thia mean by the a,mbol ZSj. To determine the beat pre-
diction ot aJL 1ncU11.dual 's soore on test two, aooord1na to our oriterlon, .e 
note hla soore on test one, detel'lD1ne trom this soore, the set {j] in which 
the 1nd1T1dual belongs, and pred1ct Zaj to be h1s aoore on test two. 
Let ua torm the tunotlon dj • I: (&21 ... z2i) I where 1 la in f j ). 
Let Vj • ~ where llj 1s the number ot 1ndiT1duaU 1JL bJ. It all ot the 
v j fa tor aU _ta {j) are equal, the relationsUp betw.en the seta {Zli} and 
(zaJ ia h,ld to poaaeas the propert, ot hOllOacedast1olt,. The other words, 
the relatloD.8h1p between two .et8 ot scores posaes.e. the propat, ot hOlllQ-
a08da8t101t1 it, SiTaR a set or lD41Y14uals who have the .... soore on teat 
one, tlle 'ftl"iabl11 t, of thelr soores on the aecond test as ll88..ured b, the 
varlanoe ot these aoorea (or eQ.ulTalently the ataadard d.T1ation ot the •• 
aoores) ia the .... reprd.lea8 ot 1Ihioh soore on tlle tirst teat i. UD4er con-
.ideration. 
Let ua reoall that we have postulat ed that. tor all seta f j]. the 
points (lIti' Zaj) where i is in [j] are on the a .. atratgb.t line pas.ing 
through the origin. hom thia poatulate we concluded that zal r zll when 
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1 1s 1n [.1 J desor1bes our relationship_ 1orm. the 1\mcUon V - .w. _ By the 
N 
det1n11t10n ot dj • V • 1.:L1.:(Z21;"'21)8l , the inner summation taldDg place w:l.th-
in eaoh {j J dd "he outer ~tion taldq place 01"81" aU seta fj}t us1ng tDe 
relationship zai • r zli when i is in f j)_ We mal" wr.lte V _ ElE(Z,.-rzl s.)2] 
When 1 1s 111 (j J. Notice that there is a restrlct10a requiring that .e lila 
wi thin each .. t {3] betore .e t01'll the grand total. Sinoe each Z],i i8 the 
score ot an indivldual who :may be tound ill one and on17 one set fj 1 '*he tlnal 
re8Ul1t will be the same it .e rElllOve this restriotion and write V_E(Z21;rz11 )2 
V i. ltnown as the variance ot the residuala. Note that Y is a measure ot the 
nrength ot the relationship between (Sli)aDCl (ZSl} since the more the dis-
persion ot the aeta (~j}about their respective li23 '8 the greater V w111 be 
and visa versa. 
'!'he tw:lct10n V 1s 1me weighted mean ot the tbnotiolla Vj deflned 
above sinoe dj - D. j Vj and tDj - N. Obviously. then, lt all Vj's are equal 
(that 1a it the relatlon between[zljJ and [Zal} po.aessea hamo8cedastio1ty) 
Y will equal. eaob. ot the Vj '8. Ia thls case V is a measure or the dlspersion 
ot the SOO1"8S in each ot the IMta [Z2j J abwt their respective Z2j' s· We 
then reter to ~ aa the staDdard error ot eattmate. 
w. wll1 now tum our attention to the task of tinding the value of 
the oODatant r in the equation li11- ~i (we have rcoved the restriction that 
i muat be ln {j J ). OUr oriter.lon tor the bes" pr~iotion is equivalent to 
the oondl tlon that all 43 shall be JR1a1mum.. ThIs collditlon ls equivalent to 
the oondltion that V shall be mini.um. 
E{zU - !'ZU)2 
V· . If 
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It W8 expan4 the r1ght haael .aber .. ha:h_ 
y • t;11 - 2 r Eli1! 82,1 + rR ~lf 2 
l:JneTer we have postulated that the Btaadal'd dmat10na of [11111 andt~21! 
are both equal to wdvand that the _an. ot the .. Ht. are both 8.1'0. 
t--1
2 ts a 
-. • 11 • 1 
N N 
and Y - 1 - 2 r Ezl1,1121 + r-
tf 
Let UB teke the tirBt dert ft \1 ve and set U equal to zero 
~ • .. 2 Ez11·~1 + 2r 
b If 
o • _ 2 tzu-a! • ar 
N 
'l'o a.aure our sel ft. that th1. ort tlcal 'V8lue 10 r r produoe. a II1D1l11a Talue 
tor V. we take the s.coDA dariTat! ... e 
w ..... 
c!. - 2 dr-
then, tlUlt ~ >0 Independently of tbe value ot r. 
41' 
abaTe on page 10, this 1. a 8U1'tlclent oonditlon that U7 O1I'1t10&1 ... &lU8 ot 
r aball produc. a IIdDhaunt value ot V. Acoord1n.gly r • ~1 "21 1s our ra-
N' 
q,ulred oonstmlt. Tb.1a 1s the OaDrlOnl7 mown toraula tor ,he Pearson produot 
IlQIlent ooettlc1at ot conelat!. whe _ores aae tS.va in II tona.. 
that 
but 
lleterriDg to aD. equation 81ftn 1n the preceding paragraph we He 
V. 1 _ 2r ~&z!A • ra 
r. ~iaal N 
N 
J"rca the tact that T 1. aa 1ndex ot tlleatreagtll of tlle relat1o:uahlp be .. _ 
~uj aad (ali)' (we baTe 418cu ..... thie point above) &ad from the tact that 
,- larpr r t.t the amal1er ., 18 aad ooltYer.e17. 1t tollow. that r 1. alao 
a Index ot the 8treagtll ot thl. relatlanah1p. 
Let us note also 
V • :(&21 - r&11)1 
• 
Siace !l 18 po81tl", aa.4 stllae each tea in the n ... ator, being the 8quare ctl 
801118 number, 18 fOldtS. .... or zero, 1t toUow. that., 18 poat" ..... or zaro. How-
..,.ar, 
l' • 1 ... 1"1 
It jrj /f 1 tho r a,>1 ud 1 - r a <:0, but th1a 18 not poaa1'ble .111041 V. aloll 
1. equal to 1_r8 • mun 'be posttl .... or zero. AOoor41nal1' I rf~1 
Wa rae.. that .. have 8Jl alternate to1'Ell.a tor ., 
T • E(&81 - i21)~ 
R 
It each Bas. 1. equal to th. eone8pond1. "ist, then 'he predlcUoa 18 :perteot 
aDd ., • o. It tollOW8 that 
,.,. ••• qualoD. '1'21 • r ~1 we 110-.. that 1t 1">0, then tll. creat • 
• U' the createi' .. 1a the ala.'U'a1o _ens8. 8114 the 1 •• 8 all the 1 ••• '1"21. 
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On the o~he1'" h8JI4 it 1'" C;;:O. then the grea'''' ~1 theleaa z21 f in the algebraio 
.en .. , and the 1... aU' the greater i2s.. ~htmaore it r a 0 ~h_ the best 
prediotion ~bat we o. make _ in4iT1dual SOO1'"8 on _.t two, Jmow1ac hi. soore 
on t8.t Olle, 1. zero reprdleu ot his 800re on teat one. '!hi. is 'the ... ot 
aU 800ras in the a.~ (Z81}. In this .M tmre 18 no relationship 1b.at can b 
uaatul in pred1ct10n between the aeoNS {~iJ and [a2~ • 
lat us retw.'ll w the regre.8ion equatioll 
Zli • r 2111 . 
Xt •• aquare bOth ald •• of thi8 .. ~lon and sum oyer the .·Ure sn [l.~ .. e t1nd 
that 
~ • 1'"ltzl1 
Dl'f'141raa both ald •• 1»" ., .... have 
~.r·EaU 
R 11 
But .. e lle:n po.tulated ~hat tzL, • 1 
• 
tIQ a r2 
N 
That 1. to ..,. tbat tJae aqure of tile ..motat ot correlat1on 18 equal .., 
the Yar1anoe ot ~he pHd1crh4 y&lu... 'l'h18 qUaJ~tl 't7 1. la10wJl as th. eoettl-
01 ___ of det8l.'ll1nation. It oea 1M lnterp1'"8'ted as the Tanane. ot the .e~ 
/' 'j Lsal)' 1 ••• the portlon of thls .. riao. whloh 111 due to tae~ra 1t'h1ob. also 
OaUN .cae ot t. Yarlauee in the set tau} 
J'1nally, let us note that sino. 
Val-rl 
then vT a y' l-rl 
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It Will lte 1' ....... 4 ,kat w. have 4eft ned ..Tv to b. the aan4ard. error of 
•• timat. proYl4ed tbat the relatlonah1p pe ....... the Pl'Opu:'V of hOBDsoeda.8-
tl01ty. 4. 
Let WI nppose that .e have a Nt of .ClO_.(~l~. ha't'1Da a _all ~ 
aad a anaadard d.'VJ. &\1 on of ~ IID4 a Hoon4 •• of soores {Xa.l ha't'11l8 a JUan 
0-:-
ot 14a e.ad a standard 4."f1atlon of 2 • W. have the well Don .quatloas tor 
oOJl'f'erti.q to a •• ore. 
• 
a .X~-Kl 
1111 
, 
We have not assumed homoaoedaatlo1ty ln our developmant at the 00-
etfiel_t of correlatloa. '1'b.la aaaumptlon 18 neo •• 8817 (Illy lt we intend to 
u.& the eMmolent of oorrelatlon in the caloulatlon at 1me standard error 
ot estimate. 
-It we define aU • ~ - JIe 
aa 
b800m.e. 
-
Xii - Ka. • r Xu - !\ 
oa <1l 
- c;- a-:: %al • rdf-Xu-~ ~ + .. 
~. 1a laton. as tbe regre.slon equatlon tor raw soore •• 
Let u ex81ld._ theequat10n 
• 1 
l' 
~ ... ooncU.1d. ons w111 be raet lt ~ • 1(2 • O. lt <J'2 • 1 amfi • r. We JDa7 lItate 
~h1. reeult ln .0 toa ot a propos1tton whlch will be u .. f'lIl ta tJa an ... -
.ion. 
n llYt. !PM! !JI.. iW! JL!.tI..2! 89@r!! ~ ~ and t~l~ Ire ~ am .! it 
P2 • 1 ~ it. a.t. ut at .orU f i2~ w:edi qted .t.mm .k. £Wellion equat1m 
~ fx,.~9A [:xm.j1f.1Y.!MIl ulh!. .I..e.t!L lE.!!!,cwr §.tea-e, f~3 . l!!!I. C7i • r 
~ r 1I.l!!!. ,g,oeWcs.U !It. ml:rre}.Jg19.l1 Ht!!!! [~~- fxat]. 
The quo.1oD. t1t pl"edta\1on _t11 aora 1Ihan OIle p'."lctor Yarlable .. 
ru-t88.. Let us cona1d81' M8 of soores trom. sevoral JlBasul'8S all havina a me_ 
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ot zero aacl a nandard. deYlatlon ot CIle,5 Let us des1pate the scorea in one 
ot tbe .. meaaurea as the criterion set ot scores and let us a7Jllbollze the score 
ot the 1th 1nd1ndual by aki' Let us des1gDate the scoree ln tbe rema1nS..na 
measures as predlctors and let us 81JIlbo11ze the scores ot the 1th ind1Y1dual 1n 
Let us detine Tld. .12 ••• n -fb. all + fB 2 a21 + ••• + f3n ani 
Let us tind the means of t~lL. 12 L SUmm1ng both 81de. of our equation aDd 
~~. • ••• J . 
diY1d1n.g by N we haYa 
ti:. P. ta Q Ez R. tz ~q,,12 ••• n .,1 ~ + pta.:J!! + •• a +,n......!l. 
N N N If 
but by hypothesi. ~ - I:z21 - ... - taJd. - 0 
If 1f If 
80 tbat ?'tt,12!!,..1 - o. In o1ih ... _1"4. 'the aeaIL of tlle .... fTld •12 ... nJi. 
N 
zero. We haYa DO metb04, however, of t1D4ing the .U».dard deyiat10n of thls 
.at. We w1ll .,mbo11. the stuciard deY1ation at the Sft it: rl..12 ••• ~'b1 0 '1'. 
w. w111 use thi. composite soora .a a singl.e 1ndepadent variable to predict 
the criter10n. With that in aind at 118 represct the caE'relat1on bnwec the 
•• ta(iks..12 ••• ~an4 ~ld.Jb7 the aJ,lllbol I\:.12a .. n. By means of ,he above 
deftnl'ion .... have transtoraad our pro'blem troll. that of predicting trom DI8D1 
'f'8.riable8 to tbat ot pred1ct1ng he.oDJ.y one variable 80 tbat the theory d .... 
veloped in the tirat pert ot this Ohapter applies. 
5 , 
There 1s no 10as ot geIleral1t1 hare. The conaideation. are the S8118 
as thoM discussed in tootDote two. 
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All yet .e haYe a1d nothing aa to the nature ot the f3 '.. We will 
now tum oar att_t1on ~ the consideration ot this _tter. Let WI so .el.ot 
the f3 t. that ~.12 ••• n 18 our best predl0 tlon .8 weU a. our predlotor. 
U thi. 1. to be eo. then the 'f8.r1anoe ot the r .. ldual.s 18 
"k.la ... n - E(ZJci - 3gt 12 ... p.)8 
N 
aDd thl. tunotloa, in acre .. at with the prinoiple or l ... t squares, _n be 
_nSanD. We haft aho_ in an 8a1i.i .. s .. tlon ot this ohapter that the oorrel-
atlon be.-een two 'farla'-l.s is equal to the aquare root or one. l.s. the 
Rt.12 ••• n • viI - '11:. I q •••• 
aooord1ng1.y the o()lltl.ttlOD. that "k.l! ••• :If be JIln1muDl t. equiYaleat to the 
ocm41tion that ~.l2 •••• be maxtmua. 
'1'0 tlud the 'Y8luea ot the f3 'a we auba'Utute trcm the eqUation . 
detin1Da 'iict .12 ••• 1& and obtain 
"lc:.12 ••• n • E(1Iti ... {31 ~1 ... fJiA21 - .e. -f3r;-"ni)·, 
. . 
B " 
oalaw.ate the penial dariftt1.,.. ot "k.12 ••• n with 1"8a~ot to the f3'8, .8t 
the •• partial der1va:U.,.. equal to z .. o, ad .01 .... the .-' at equatt. on. 'hue 
S 
obtained tor the f3 t.. )'o1"--.ple 
d "}c.la .... • - 2E[SlJ, (Ski - (31 zll ... /?aZ21 - f3 n zni)] 
d~ N ~,ZftJ 
• ... 2b&Zfstd. ... f31 Eat'S11 -,saEZiiS21 .... -f3a~ 
• - a (~k .. (31 ... /32 1'].2 - ••• ... pa l"lk) 
6Tha coudltlon dlSO\l8ae4 here 1s a n8oe.8&17 oondition thG "k.l2 ••• n 
be III1n1aU1l. The autt101ent ooudl\l011 1s Y8l"'f ocmplex. The reader is reterred 
to Hancook. Ha.:rrls. Deon st 19;11aa !E. lI1g
'
• DoYel" Pu.blloatlcma.Rew York. 
1960. 
b,. a s1Bd.lar prooe8. "e JII87 arri" at the eqUatiCl18 
rat .fil 1'21 + 112 + ••• + ran fin 
ru -~l r'n! + ~2 r n2 + .. 0+ fn 
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These are th •• ell DOWD aol'llal. equations. S1J1ce the 1". are presumably knowll 
l' 1s possible to solve tor the f3 's. 
We wUl now d ..... lop a method of oaloulatiDl tbe coeffioient of mul'U-
ple correlatlon whloh .. have syJIlbollzed by ~.12 ••• n. W. haft set up 
~ .12 ••• n as the Independent '9'&1"lab18 tor use In predlction. 7urthermore. our 
caloulation ot the ooett101e.'. of multiple regression, which we have "eterred 
to as (3 ' •• was based 011 the .saumption ,hat "itl.12 ••• n was the ben prediction 
as weU a8 the independent 'V'ariable. In a pre,,1ous seotion ot this ohapter. 
we haTe shown that ~is taplies that the staDAard de'Y1ation ot this set which 
.. haTe S}'JI.bollzed bfTi' i. equal to the ooetficlent ot correlation between the 
eet.l~.12 ••• D.) ud {~~. This is, 'b,. den.nl'ioD.. 'he ooet'tlo1ellt ot 
multipl. correlation. In other words 
a-=. 
•• R.. 
-le.12 ••• n 
but ~ • \-. 0 
<1k. 1 
and as noted above cr= • ~.l2 ••• n z 
ao that Hk.12 ••• n • ~ ~'12 ••• 1 
N ~ 12 ••• n 
R8 Ell .. "1:' k.12 ••• n - -~ kl.12 •• ,a 
N 
• I:~ (,8 12111 +f3aZ21 + .. e +f1 n ani) 
i 
.{31 ~. Zla. +{Ja ElIlQ 21m: + ... +(3n tzld Ill\! 
}{ N N 
.fh r kl +pa relet + .e. +f3n I'm 
lit.12 ... n .....$i rkl +~2 f'k;2 + " .. +,8n l'b 
11 
It we ~ ~'Y8Il seta or aoor •• flkJ. t~1}, {xl1] ... txJ haTing 
er:- 0-::- U- a-
lIleana ~, UJ.. x.a, ••. ~ u.d standard dn1.at10118 k. 1, a... 11 we JJJa:1 oon-
Tert them lnto seta at soores eaoh haTing a meaD. ot zero aDd a standard devla-
tlon ot one b7 means ot the wU lmow.D. equat10ns 
~i.lkS~ 
.) k 
2111 • x~ .. li1 
1 
2181. ~ .. ~ 
a 
Zm·;g-~ 
or; 
Let 118 d.rtne 'lit. 12, •• n • \.12 ••• n .. 10\ 
d • ( 1 n 
We Wlsh to tind the s. (1k.12 ••• n 5 ot 800:'11 pred10ted tor the 01'1 ter10n trom 
raw 8OOre8. AAaOOI'41q 'to the "he017 just d ..... loped. 
i' .~h 2111 + fJa 1121 + ... +f3n Zn1 
ki.1B ••• n 
SUbst1 "'''111& from the abo.... equat10na 
Xll;.~u fa -Mtc .,B~,_Ml +;$a 5I~ ... lfa + ••• + f:3n ~ .. I). 
J:It 1 'I. n 
v ~ crtx ~Okx Q O"kY 
aDd a1Jll;p11t'71D& ""1c.12 ... n ";-1 a=:-- 11 + ;'~ ~ 21 + ••• l;-.-na=--nt 
, -B{>~~ M1 _ P 21g!' ..• L'n 2bR.- Mn + Mk n 
I 01 r '-" 2 e o-n:-
It .. define 'ttl - ;91~ ba -;5< a~~~ ... 'n -li D~~ 
oar equ.aUoa ...... ~.12 ... n • '1lJ. • btfa ••••• bnXn 
bY- bM bJj It 
- ( J: 1.. a 2 ••••• D n) +1C 
The a,t1W4. data OOIlC8t!1l ,_ 1I1'lepU4-., TU'la1e8 ... one tepeal. 
OJ' an,.nOll 'ftri.titl •• 
Yh. 1qU8h protloiaoy teR 18 rft'1aely ac1la1nlnend '0 • .....,. ... 
'HrlJIc tre8l1aa:a, «th. 4ata troa th1. , .. t are _ally aTallable to .,. ot the 
0011... .,an who JIla1" haT. use tor thaL 
'l'he Colle. AJt111 " 'fes' 1. al_ ~1_1, .clIa1D1nere4 to aU -, .. 
1_ Ire .... ~ te., 71e14. tla:ree lOor •• , (1) the "". or quaatltaU.Te 
.oore, (e) the "V" or Teftal "1"0, -.4 (8) a total lOON. 'l'b.e eta troll thla 
,.. are Ultewt 8. _alb' aftUa'ble 'to aIl7 ot the oolle .. • att who mal' ha18 
UM tor thea. 
'!he ., ... 1;1 .. PlaC818JR 'l'88' h&8 bee eoutruo'ed 'by"""'8 ot 
the W'.rl&h' lua10lt 0011e_ .~ .. tlo. Depanaent. 1, 1. l'Outl:ael.J' .... lnt.tar 
oal7 to 1Iho •• Who laU .. ,. their In'atlo. to taD a toUr .. 1. _thalatlu tor 
the tlrst tu.. !he .core tram th1. , •• , 1. u .... tor ph.tag the Ihdc t ln • 
118.,~t loa owa. 
The ~ Meatal AbUi tl •• f.d y1ttl4. Horea tor tt •• ".nora ot 
1.,.Ul-.0", ftl'bal, apatlal, reasoJUq. 1fOl"d tlueil07. ad mabe:r. !h1s ,.at 
... a&a1nlatered b7 the autbor of thi. nv.dJ tor th8 purpos. of \1ft ill thla 
atud,._ It 18 Dot :rQltln.17 adlll.1nls'.red ,. stud-.,., .... henoe, u'a tl'Oa 
this test are not easily available. 
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The cn"1 tar 1 Oll ... sriable la .e _aD. ot aeTan ait test 80 ares troll 
b_"'err o~tuU,. worked CT. by the '-ara ot the Math_tlca DeJlf1r __ t 
ad ba"fa appro:l1_ alT the ... _d1aJl. .oore tor each tast ad the aame Tari-
ablU t,. tor ._ ted. 11: a a.dent 414 DB' tintsh t. oourse b'Q it be took 
two or .ore of the course tests, aa est1Jat. of the floOOJQlisbJMat of the stu-
d.t •• _d., base4 OD the soor •• tr_ the tena that be di4 take. It w .. 
oau •• of laok ot aucoass. 'lo _glect to oonaider theS8 atudents wou.14 intl"o'" 
duo. fl bla8 into the sample ln t&"fOr ot the better studets. 
1'0 taollitate dlsous8icm c:I the •• data, .. toUow1111 QIIlbola W1i1 be 
1 lilI18l1sh Protlo1ea.,. 
a ONt Vel"bal. 
a Qtdl QIwltl tatl .... 
• OAT 'fotal 
G Jlatheatioa Plac __ " 
6 PMA V_bel. 
, PtIA 8.Patial 
8 IVA ReallODlna 
9 PJlA \Jord tluenoy 
10 PMA Number 
'!'he data trom theBe teats are gi"feJl in tuU 1& Appead1x I. 
The population tar 1;hia study ocate1 •• at inCllOlI1q tr .... at Wrt8J1t 
lUll10r COllege, who take M'a1;haaaties ill. The sample of this popalatlon upon 
Which this atudJ is based oouin. ot illComlDC treshll& Who took lfathematlos llJ 
dU'iDC ~e .... t8l" beg1an1111 in Sept_ber. 19&9. Sino. there are ao blowa 
taotors Uke17 to 1n:'roc!uoe bias, 1t 1. aallUll8d that tMa ..,le 1. a rand_ 
sample ot t he population. 
Produot moaent eorrelation. betw ... the 1Ddepend81lt "Variabl •• and t. 
ort tarion 'Y8l"1able were oalculated a8 ware the int.correlationa between the 
independent "fal'labl... The rasults ot thase caloulatioJ1. are g1ftD. 1n '!'able I. 
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IM'.E.RCoPJOO'..A'tImfS Bll'r"ft~l1'fm cnITwlICY7r PInt THE PHl':OICTOR YARIABLJlS 
I 1 a 8 .. IS 6 , 8 9 10 I: 
1. 1 .9501 .8892 .,., .888' .&826 .0388 .t816 .2591 .0810 .1l8a ..
, 
------
2. .7501 1 .1814 .M9t5 .2611 .0508 .0088 .8m .2969 ~.8011 .$lsa 
8. .8893 .8814 1 .'495 .1498 .8116 .1808 .2441 .18'1 .2866 ...... , 
... . ,aa, .M96 
.' .. 95 1 • U51 .4'63 .0815 .3' • .8ot • 1-.0096 .o606G 
O. .81at .16a1 ."95 .&151 1 .0951 .0818 I .2.,., .1340 .114.8 .SatO 
I. .5886 .1508 .llIa • ",a .oel 1 .al11 .4a1I • 84M • las, .0830 
7. ~0888 .0088 .1808 .08l1S .0818 .8161 1 .1811 .2848 .aee ... .l.4l2 
8. .48US .'246 .a..u .1f28 .2'64 .4615 .1818 1 .1a12 .8282 .1498 
t. •• 91 
.291' .1871 .8094 .2840 .8424 .2M3 .18&2 1 .1608 .00" 
10. .0890 -.ao~u .8358 -.0098 • 1M3 
.1.aI' .2&&8 .228.1 .1601 1 ~Da43 
K. 
·2l821 .2888 .484' .4056 .5290 .0280 -.1412 .1498 .00'1' -.Oa.d 1 
- ... -. r-
21 
Att.Uon wa. t11_ '1 .... to the oaloulatloD ot the ooetfl01ent ot 
multiple oonelatlon aD4 the ooettioiets of Dlltlple recre •• 10Jl. 'l'b.ese 00-
emd.ent. ot I811t1ple reere.slon .re used ln the equation. used tor predio .... 
tlon. In oar1'11na out the.8 calculatlon., the method used was that ot DuBoi •• 
ru ... thod _bles one to add ftrlab18. to the predlotion battery OM at a 
time, doterainlng a ne. ooettloient ot multiple retr8.8ion eaoh time a ~labl 
1. added wl thout caloule;Ung ooemal_te ot DIlltlple regre •• lon. Moreover t 
it aable. one to selec1l trom 81IIOng the 'Ye.riable. that are as yet unused t tbat 
ft!'1able whloh has the most to OOIltrlbute to the ooettioleat ot mult1ple re-
gr.eslon. The _thod u._ i8 "a.ed, aot upon the .olut10n ot the JlOl"JIa1 equa-
tiona, but UPOIil the r.a.ctlOD ot the cli. terloD 'f'arUnce in a Tarla.aoe-oOTari-
ano. _trix. 2 
~., .... 4055 ~.21.tfM • .5958 
~.5' .. .5"98 ~.i021t'IM • .5911 
~.'IM ~ .5'55 Jic.8lO21t'l54 • .59'1 
l\:.9f54 ·'-.5888 1\. SSiOlltf54 • .09" 
Bk.19'154 • .59 •• 1\.,aai0219'154r • .59'5 
IIowTe 0 •• _-' notJ. thl:i."G 'he.8 ocettl.l •• ts ot multi pl. oorrelation are 
baaed on a _.pl. ot .,. hundred t1.,.. •••••• As more and more ftriable. are 
1ntHduced into the ~o'loll batte1'7 a blas reault. so that tu 8uaple 
2 Thi. matll04 .. Ter,. 'Driet1,. 4uor1 be4 1n Chapter I. A full trea 
aent _,. b. toUI&4 in »dols, HllUip H ... 1I!4l1DF1a. ltO£l!latiogl AMAla1!t 
Harper 8Jld Brothers, ... York, 1957, Chapter II and. Chapter III. 
a, 
ooefflolents at IlUl.t1pl. OOl'ftla'UOI1 are b.t1a.a e.tu.ua of .... populatIon 
eMmel_'s of _ltlp1. OOl"'.Nl.atlon. 8. O. lar80n8 11'" the tollowlnc 
DhrlDkage to~ 
Ar,lpl.1 ... '1on at thl1 tOl.'llUla ooneow the blu aJl4 "1 ..... tha toUowlna a.1M' .. 
of the popula'lon _1:Up1. Ii t a. 
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R'k•llf56 • .5'21 
AD ...a.'lon ot the .. "..uta ...... that, aa tal" U .utlple 
n Ie OOJ'loeraed, there 1. DO protlt in ua1q JIOre theIl tl .... Pft4S,etiOD "far!-
a\)l •• 1. this 0U8. e1aoe the 10 •• , •• 10 abrlDka •• In the eats..w fd the 
papulattoa 1I1l'1pl.. R 1s les. t1laa the pia that; 18 d •• to the a4cle4 ftl."i-
able.. The UD.'blue4 Htt..t. ot tbe poJR&latlcm DlUltiple It ~. 1 ... rather 
tbaD acr ... 'YC"tabl •• bq1:t~'l<1 the tir .. tl .... are aUe4. lad .. , lupeot1Ga 
shOD that the addtttoa ot ftr1.1. 1 to the bat....,. da. a 'ffIJ7 1'lea1181ble 
amoud to the enl_te of the J'OlNlatloa II1lt1pl. n. all UIQI'_ ,. -.11 that 
l' will not .... Dow up In the I'uults •• the enlaa" ot ,be popula'la 
IIUltlple R ,. ftJOrMd '0 oal7 two 4eaiMl. pla... Oouequ_tl¥ thAt """'U7 
• • • 
a IMr8Oll, S. O. "fM SbrlJllc:ap of ,~. Coetttol.t of lful,'ble 
Col'ftlatlOJl," lGU.l!'Dal ot .ueatlQ1lal Psyeho~, XXII, .s-lO, lall.1911. 
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ot pred10Wra al.etnei tor the op'bIa ""'8810n aqua'101l .olud .... ot 'f'aI'1-
abl... tour, nft, ...... aad !dne. 
Now 1 .. WI eould .... f.Jap'NY __ t ,in eorft1atlon with the or1'e. 
1_ .. t 1. o,"alned wheD. atltlple It Is eal.oulate4. u eoapan4 w1. the 
ool"ftlatlO1l p ... 1t7 ,be be .. Id.DSl. pNUftor. a.t.~ •• to table I .... 
tbat 't'al·la'bl. ft.. (the _'t.a'loa pla ... , ""') OO1"1"ela'.. .&3 wl th the 
a'lurlon. IAlltlpla R. baaed. OIl the b.'MrY .. ~ i8 .1'_ It appear. tha, 
the weightea test """17 has .,.., 11ttl. adTdtqe ~.r th. _t~'108 
pl. __ tea, alone. no.ftl'. theft 1 ... 1I.Cl'nn ..... 18 the 'I" of -. weiah 
.a OGIPOat,. MOre. '!'hi. ad'ftatqe wlU l'lOW be ap1alD84. 
n .... I i. a MatMrgl'a aGIpOeed ot _~tl0. plaoaaent t •• , 
800 •• p1otH4 apt. .. , OS'lter101l .eoft.. A alan" at ,_ CIIb.aft 1Ihow8 t.ha, the 
plao .. _ ,.st 1 •• ..-" .ttenl .... In the mgt. or ,he .p,.. aoon.h !hoe. Who 
recelftd blab .ftd •• 01\ .e plao __ ' ,.st t41D4ed to NOelTlt htah on'-l-
ItOQ:Hs. ~. ,he __ oau.ot b • .td tor ,_ plao __ ' t ... ft_ the 
.00ft. an low. 'rho •• 1Iho reoelftld loW plae __ ' t •• t HOfta 1Jended to rrdI6-
trca h18b to 1 .. on the oritertaa .. ore. vatorRadel." 1t 18 in the 101ftII' 
ra.aae. Where .. euld Uke the 'e.' to 'b_ mon effect'lye, that l' 1. leut 
.tten1..... It" .... le., a aoore of thlft7 foul- _ ,he ortt .. l_ .. the 41y14. 
1DS aOON b ........ "latac'017 II.Bd .. a'1.taollo17 at.4.'., we ftDA that. In 
ordelr to set • 01'f. 'leal. "ON OIl the plao .. ' ,_'" that wUl el1ld.nate thirt, 
""'denta _0_ ft'1Hr1aD. 800rea are __ '1""&0_", ,. __ aooept the 41 ... -
'I"8Zltap ot rejeoU,q ,nl. ....... d ... 1Ib.OM OI"1,wtoa a ___ are 8.'latao\oq_ 
tie are e111d.'1_ at.d __ 80 t.hat, .... tho. raj .. , •• ,be rat10 ot the 
J1UD1ber ot 'hose lIho_ 0l"1ter10J1 8OO1"'8a are unattataeto17 to the nuaber ot 
· 5.)~ .. ··-r-·i-· .. "";···· .. T~-~-· : """"j ,- ~ I"""!-~--'; I i II i . t 
r· .. ·---t----t---I--·- .. --·~-t---·I-- ,-t-- .--~ ,--;'-'1'1 
:j -.-- L._+ ___ LI .' !I/l1,1 ;t·~ II ';-," ' ..... 
----4-, '--I--t--~--t .. "1 -t . __ .- --- ._. '~'-'I 
:::::I-~ ,; I :1 ... J~-~t,--- ~- ~ .1_ -- ---·1 
.., . . . f 
III I J 
.....",-~ ... ' .... -.,- ---." .. , ....... -"''''' .. 
,-t--...........f-,. ••• ~- ." 
-J-~i.Jii II -- --1 
,iHI, /I III II J I I I J I I 1,,-- - :-- ...... ,.., iJ._- 1'-~~ !~ ~--~--- --{_ .. _.- '- -j 
! ___ , ____ --I _~ I --j 
;~G~J 1/ I I I I ! 
df1i=-r-t /I ' .. L.-r.-! .. '_" I. .. i_q _: '!I 
:<L-5'7 .?B-3Y Ift-'tl 4'Z"H w.,-If5- 1.f!,-'f7 '-II(-',,{ ;;'('J'I ~n'?3 ·,'4 s-,- ~-t-57 \-;<-,'9 4(1/ 
...... ana eboWlq ...... t1N8 ,he Oft'me plotted aplut 
..... he '" pla ... , "ft. 
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tho .. whose o:nterion .GOl"8a are aatWaotOl7. 18 two aad cae-halt to one. 
neve II 1. a 8oa .. , .. -fIftIZIll'1 .1Gb orltorlOll Horea are pl~t'" 
apl .... MOrea o\Jtath114 hoa "'a 1'ep"e8at._ eq\VJ,tlO1l. i •. 2&a ........ UO ••• 
wd.nc YtU'1ab1 .. tOUl" _d tl..... 'I'M ... 1'1 ... 1'7 at pred1014oa ill tha ext.t' .. 
1 ..... r .... of pndle'l" acoa. 1e iapl'o'V'e4. W. G8Il now eU • ., •• ta .w.. stu. 
dent. who .. OftteftOll "Oft 1 ..... tlllfuw17 at tha ooat ot el.bd._tSac ~ 
tow" wboee ol'!:t;en.Oft aaore 'e .tlataGt017'. 'tU rdl0 of the 11 .... of etu4_u 
proper11 elt ••• ted to _e J&1IIiber of stUde •• bap:r."OJlRl1 ellld.aate4 I.. a_ 
tour to OM. 1I0te. ~. tlult _ haft aot ellDd,JaIIW _,. of ,w.. 11110 au __ 
HqUaIltlJ' ahow4 WUIfltl.lftaoto17 p.l'OfJrHU. It .. 'edre to eUld.uate t .. ,,. 
J11sW of \hOM who .. er1te1'lon lOOrN are uuaatlataotoJ"f. _ ad do eo at the 
008\ 01 811_.,1_ thln7 three ... dat. whOM eft tertca _oree aft _'1e-
tutolT. 
rt.cun In 1. II "".rena 1a Whlab en , .. loa ..... ~ plo,ted 
... I.n ........ 1u4 tfta the equattoa. 
i· ... ~ - .14Xa ... 10ll • ~ ... -aaa .. ft.1 
wd.aa Y'ILll'lalt1ea a.. _ •• ~., taur ... 4 11ft. !hat ftl1.ablu OY d4 ,_ 
ha .... l1ttle to 0Gm~" 1s to ... .,..ted .1_ th.,- are pan HONS of 
'YfIl'ia1l18 fOUl" wh16 Ie al._ b81D1 \11_.4 lamtnatlon of the ... tt ..... re-
-.-.l. tUt. Wb11e .U1 tl'flt,. in tbe ..-.,.. low portion of the raas. of the 
1::db • I 
".ru Wi&h- 1a the ...... _1._ aqual_ are aeptt va tor ftnabl .. 
oae aDA two. '!he •• '91U'1able .... appre.80ll' 'hrlabl ••• DuBola deftJJ._ • 
INpprenor .a tol.loWa: itA 'fV'1"t~ wh1eh, __ fta". ot ita poet'lv. OOft'.la'tloD 
111~ a Ya114 prediot. aa4 1_ low oornlatloa wi. ,be ontc1_. add. to ,he 
ftlldl',. of 'the eaalIlDatlOD b)' "",,'Uas ,he au"'raetloa of l!l'f'alld ftl"lanoe 
f'rca ,he .&114 pl"edictor.· 
11 
I 
'f'J +; J'~~'~''--;'i:;;'3;"::-;:'"'<13:3:; -5i7i37":}7;,- -:;i';:;;L~ 't1·~1·~ ·;;.1~4~-~-l;77{-7i71J-­
Pre41at01" Soofte 
n(J)'RB II 
Boa'~ .howl. eooreo tr_ the Or1tertOA plotte4 aaalut 
aeoNS 1'l'w. .be ~OA equation, %. -28Xa • -48.& - 110.' 
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predictor has been improved beyond the sensit1vi~ of variable five, we must 
accept sixteen incorrect rejections in order to correctly reject thirty three 
students whose scores on the criterion are unsat1.sfacto17. 
Figure IV is a scattergram in which criterion scores are plotted against 
scores obtained from the regression equation, 
! :: .25 X4+.7~.~-.12X9-59.43, 
using variables four, n va seven and nine. (Bote tba t variables seven and ninE 
are suppressor variable8.) An examination of the scattergram brings out the 
advantage of scores from this regression equation over predtators previously 
mentioned. By selecting a critical score of thirty eight for the prediCtor, 
we are able to correctly reject thirty tour students with unsatisfactory 
criterion scorel at the expenle of rejecting only ~ght students with 
satiltactor.y criterion scores. Among those rejected, the ratiO of the number 
of students correctly rejected to the number ot students incorrectly rejeoted 
, 
is four and one quarter to one. This is a considerable improvemnt over the 
results obta.1nAd by use of Bcores from previously mentioned predictors. 
Figure V is a soattergram based on the regression equat1on, 
! = -.O~-.0712~·42X4+·66Xs-·15X7-·1lX9-B4.9 
Figure VI 1s a scattergram based on the regression equation 
X =-~07Xl-.1811-.09X)1'.6lX4t-.66I,-.0lX6-.14X7~.04x8-.llX9-.04xl0-83.2 
Both of thesesoattergrams tell essentially the same story as is told by 
Figure IV. 
Since there is not much increase in multiple R, .,~:~~~th~f 
the improvement in prediction? The answer to this ~ (!MfU.on ~~l¥> -be"'t~d 
in the faot that the relation between variable five ~d t~ 'e'ri~f{otllac~ 
~ J 1.... .-....{ _,/ 
nOUllE IV 
! 
, 
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. 
I. 
!., ·'·"~"·"-r-l.·--;-I· T~"'-'-'il'-I;'-r-/",' -T, ..... ·-;----T-~T·~ .. ·-'·r·---~·'i 
-. t l 1 ~ 1. I'II~ ~ t 
.r;v;s. j I j ~.... j , ".--~---. -.~ ..... ,  -......j...-
:'7-(;(!- I I /111! /1/ 1/ I I !! I 
-i--t---+--,- ... ---t-. t 
I i 
,,---f---t---.+-_ ......-, /11 II r / ~ ___ -~~--~-_~~_ ... f 
'>h3 i t l II Ii 1/ 1// i f 
J 
Fd7 1.1 I /1/" J I I I,--+--+-........... '---I---··" .. -"·~-+·-·~~ ---r- .---t--+-~ .. ", .. 
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., 
hoaoscedutia1t/ &.ad that tis ooD.tition 1a corrected 1n the relation. b.' .... 
the criterion sad aD.7 ot the test batten •• 1dl1oh oontains ya;riaD1e. a .... en aDd 
Betore a.d1ns the di SOUSS10B of the apt1.ae data, we will tinA 1 t 
ot intereat to .tud)' the oon:~lbutions ot the yarioua campennts of the pre-
dictlO11 batt..,. to the Y61"lanoe ot {~.4r5'~. Let 118 start w1~ the tour 
yar1abl.. regression equation in; z t01'll. 
"Iid.4579 _fl.84! +~ 5~i .PY&'i .{:Jg';j, 
aqU8.J'1Dl botl1 alct •• ,41Y1d1UC both .1d •• by N, _d 8WIIDlinl 
~.4Ii'19 -{3,,' ~~ +f1: ~ ·fi.,a ~ 1': ~ 
+ 2f3 .. f5 E"i~1 + af3 .. f3, ~~;,""" + 218,(3'1 r.z4i~1 
• 2~5f3, ~i·.!& + 8P5{1, &asl", + 1j3,(39 ~lz'l 
N . N Jl 
but r.a.:,l -~, -EsU ... E·'i • 1 
N • • If 
u4 I:s.1z51 • r • EZ"i~ • r • eto 
t • -- -&15 •• - 4' N N 
80 'tba't OW'" *l1Jlt1on beGOll8s 
1l.4Ut .p: ..,e1..,B, +~I + 2r4r5P4f98 + ar"fj4{3, 
+ 2r41~4 f3, + 8r8,fiSp'I + ·59f5~9 + 2'1'19(9'13' 
In this probl_ 
fl. • .8288 fJ.2 • .049' a f3 .. F1 fj :r 4r5 • .1()('9 2~5fB' 1'59 • ~ .02'8 
~5 • .44'18 #52 • .2001 2 f3,~, 1'" • :0052 2{3,tB9 1''19 • .0081 
{i, • .1'86 ~,a • .0203 a ~ 'PI." • ':Ol.tM 
fl' • .1828 {3,2 • .0176 a ~5fJ' 1'5' - :0040 
wa det1ned in aha tar II. 
88 
ft1a 1" ellUl.t JI87 b. 1I1t.,1'8t84 aa toU.... The tae't 'that ft,2 • .05 1adloate. 
'ha" nft per .. ' of the yarS, ..... of 'th. onterton 1. aOoCJU.Jded tor " tao tor. 
toud on17 b 1V101. tf!ll1r. S1lII1lar17 twa. pero •• t t4 tb.e nr1.oe ot t. 
orl t.rton 1 ••• .,ouate4 tor b,. tacton t~ oaly 1n 'ftr1able tl,... 'two ,..08nt 
ot the 'farlan.e ot 'the Ol"1t .. loa 1, &a_un,.d tor b1' tactor. t0UJl4 only 1Jl 
variable .,.. and t..., ,..0_\ ot the ya.rlanoe ot the ulurloa 1, aoooUllted 
tor 'by taotors tOUJl4 only 1Jl ftl"lab 18 111_, '!'he tact that 2r 45 f3" f3 5 • .10 
lndi.,ates that tea peroeJlt ot the ,.ariuoe ot the orl tulon 1. aooouated tor 
by tanora held 1Jl 0078)n. b7 variable, tOUl" _4 ti Te. ft. tact that 
2r41'1 f3 4. {3, • - .01 ad 2{i&o F" f3t • - .02 fNg •• " that, 1a Ol'der 110 ~ tuU 
ad .... ' ... ot th. ooatr1butlon. ot the Yerlan •• of <ranabl. tour 110 the TG·lan~. 
ot th. oriter1oD., •• han OTer-e .. UJlated that contribution, ua1na SOlMJ of the 
.... 1 .. 0. ot Tarle1.·tour that _s iJmll.14. Thr .. peroet of the ftriuoe of 
var1abl. tour was tho lnoorl'eOt1y used. Th1s er1"Or 1s oorreoted by the us. 
cat being accounted tor by nr1ab1e aenn 8lld the other two peroent being 
a.counted tor b7 Tar1able nin.. '!'he tact that 21"5,,13 5 {3, 1s negl.lg1b17 ...u 
1DAloat •• tbat aDJ' 1JrnJ.ld ,.anaaoe ot Tar1abl. t1Te that.,. haTe been used 
oann.ot be account" tor by Tariable ........ aDd the tact that a f35 {3vr 5'- - .Oll 
1D41catea that three peraet ot tbe 'f'al"iaaoe ot Tmable ttT. was In.Taliclly 
uud. aad that thi. erl"Or is o .. retlted b7 use of variable nin.. The tact that 
2 ~"f3tr 'ft-.01 indicates that 0" per.e.t of the '9'8ri811Ge that was r.oyed 
by the suppressor ftriabl •• ...,... aDd. n1ne was inoorren17 r81llOT8it. !his i8 
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uplalaed .." the taot that th.ft 18 a. rel,atlouhip beweea Taria'bl0 •• ..,. ad 
un. and 110 tbat when 'he7 are botk u." as _ppM.sora, there 11111 bo a.n ewer 
.,one.'i_ due to 4uplio8:t1on ot etto.t. When use4 in 'hia tJ:pe of 8JItAll.,.aIa. 
the fJ·. aro 1cnowa as path ooetfiol.ats and thou squar •• aro laao-. .. 00-
.ttiolat. of 40t...a1natl<1l. & 
~ reader ia reterred to _elbert. lIax. "Teahnlque o:r at.tb. 
Oo.trio1ent .... Pa~tr108 Vol. It 28'·298, Dee_or 198& and to wright. 
StnraU. '"lb.o 'fheOl"'J' ot Path OO.tt1oionts" Oenetios, Vol. nn, 288-255, 
.,. 1923. 
xa thi. aapt ..... will 8ftcJ,y 111'1. parsou11117 data b7 _eae ot the 
anal,.1. d T8Z'1anoe'I Aooord1Dgl:v. a tew raarka on th1a 'teolmique u applIed 
to the preae.' ..... are l.D Ord_.1 
Buloall.y. the aaalp1. ot ... ar.t. Doe d'tord. a _th04 ot t8n1J1g the 
l2nJothe.18 that the diUereace. ~a , __ a. ot a llUDlber of a.pl. crouP. 
ot ob ... fttlou .. ft. (Il17 to eban_ eZ'Z'OZ'a. Wlac JRloh a bJ'pothe.I. 
(apeolt1oal17 the mtll bn»O'he.1a that, ape.rt troJa ehanoe, the differ •• oe. are 
zero) 1. ftjaoua, the 1Bt ..... 1. 4Z'an that ,_ d1rt.reao.e are due to 
causea or taator. other tbd. ehello.. Var10U8 _J'8D&8.llts ot data are poesibl 
d8)Mllld1. OIl the IvPotheal. to b. te.ted. 
h the pr .... , •• q the 9I11fRmi.l!D.!L Per.t.!Iu\llV, produced 
br limen w. 'retp. WIU1. w. Cl..ark, aDd l'Aui. B. !horpe, was administered to 
Olle-h.uaclred t1 .... Ind1T1dUala. '1'h1. teat 7lelda 800rea on fift ... "taotor8". 
Arabic aua'bera are uaed u aJJD,'bola tor thea. tutors. The _a ot the .. 
taotora aa4 the aJmbo1a by 1Ib1oh 'hey are du1gaated are aa follow.: 
. . 
1.ru read .. who wish .. a tull _4 , ... al trea ... t or the oa17el. 
ot Tarlaaoe Ie ret.rred to (a) 8ae4eoor, Oeorp W., S,,'lr1Cal. Mdh04., Ame., 
Iowa, '!be CoUeclato Pres. 1946, Chap. X ad Chap. XI. )b l0hU0n, Palmer 0., 
SVstldloal Mdkoda a !1taeS!~ OhaR.!t (0) ft.he, R. Iw Sti,a'Uat1yl Mejbods 
tor Re.Mroh WOrkera, 011ver aa4 Bo74. 1938 (7th .allUon). 
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1. Selt-rellu.oe 9. Anti·aooial ted_oi.a 
2. Sense of personal worth 10. J'am.11y relat1cms 
8. Se •• of personal free4011 U. Bohool re1at1ou 
4. Feelins ot be1oq1na 12. OoamJD'IV relat1Cl1l_ 
5. W1thdrawing teDdeno1e" 18. Total per8Onal. adjuatment 
6. ""'YOus II)'JD.PtOJU 14. Total aoclal adju1a.ent 
'I. Booial dandarda 115. ToW adju __ t 
8. SOoial aldl1a 
fttte __ t. of data haYe be. torJU4 80 .a to pro4uce the tollow-
ing results: 1'he f1rn "et of data tor a giT_ iD41T1dual oemsist" ot 
1. hia 800re on the 8I1.t .. 1on. Which, as betoN, is a 
measure ot hi_ ancoess i. Math_t1cs U1. 
2. hia _core trom. the tour Ya.r:lab1e 1"8CI'8s81<m equation, 
deY.loped. in Chapter ru, Which is • _asu.re at his 
ap1;itude. 
8. his _001"8 on tactor one or the Oo}.ltgrn1! hi.\. sA. 
ltrMpal.itl, Which Is a JU8.8W!'8 ot ae1t-reUanoe. 
The second set of c1ata for ~1_ IDdlT1dual ooul"t. of 
1. hi_ SCON on the 01"1 teic:m 
2. hi. aptltu4e soan 
8. hi" 800re on factor two ot tl1e Qal,ltoD1k 'felt 9l. 
ftFaow.iU· 
It i_ to be noted that the acore on tbe crt tarion 8Jld the "core tor 
aptitude are the a.e tor eaoh ID11y14ual trc:a .et to aet. The an" are dif-
terent beoauae ot dltterm .cores on the YarioUl taotor. ot the Qalifprm.a 
1.U1.2.t Pet' 10JIfAU tl. Tb.e raae.1DiD& thtrtefllll seta haYe bee tormed b::y a mathod 
s1m11ar to that described above. 
OOUi4 .. ation Is now ,1ve to the data conalatins ot the orlterion 
sGOres, the aptitude score., aDd the soores on one ot the tactors of the 
r 
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Q!lJ.tom! .t!!!.9! l!r.lIliU (These.,. be reterred to as the "per_altt, 
soores") tor all ot the cae-lnmdl.'ed ttve individuals. A cutott score IIa1 be 
aelec'e4 tor the p8l'IIIODaUty data, a.D.d all individual whose .oore i8 above th1. 
outo1"1" 800re MY be reterred to a. hish in per aonali ty. While, at 'he _e 
t1ll1e. an ind1vidual. whose •• ore is below this outott soore aQ' be retfl'Re4 to 
as low in personality. A outo1"t 800re lI¥l7 also be aelected tor aptitude, aDd 
a:a tadlT.ldual ts soor8 .,. be treated with reapeot to this outoff 1. a l'IIID_ 
s1a11ar to the treatment of hi. per80nallt,. soore as _ulone4 above. 
On the baals ot theM cutott soores, each indlTldWll ln the I1'OU'P 
ot on .... hundred tlv. ilia)' be u81cDe4 to one ot tour groups a8 tollon: 
1. '1'lle 81'Oup ot 1nd1 T1dual. Who are hieb 1». the apt1 tude 
_asure and hi_ 1a the persoWlt,. _asur •• 
2. The gI."OUp 01' ln41 T1dual. Who are hi. 1. the apt 1 tude 
.... re and low 1a the per80naUty ... aura. 
8. 'l!he FOuP ot 1ndiT1dual.s who· a1'8 low ln the apti ~e 
meanre aDd bJ.ab ln the per80-.11t1 measure. 
4. The poup 01' lDdS:~lc1:uals WhO are low in the aptitude 
MaaUre aad low in the per SOD.a11 ty JltH.sure. 
CUtott soores 1n the aptitude ~ ad 1n the peraowit7 measure 
have beG 80 selected as to approxiJllate, sa Dearly a. possible, a dilt1'"11Ntlon 
i. 1t'hleb each 01' the subolaa .. s oontala aa equal numbfin' of 1ndlT1duals. 
The probl_ B87 JIOW be stated as tbUOWSI 
1. Is there a 81p.1tloant d1fterenoe between the or1ter1oa 
me.a ot the poup hip 1& soholastio aptitude u.d tt. 
grou.p 1011' 1n soholastic aptitude' 
2. Ia there a 'lp1t1oant dltterenGe betwe .. the 011. terl_ 
mea:u ot the grov.p hip 1a per aoJ18l.1 ty aIld the ,roup low 
111 ,eraoD8l.1'b"' 
8. Ia there a a1p1t1oaDt dltterenoe b .... Jl 1Ihe ?Id'1oua sub ... 
group _ana that 1a relate4 110 8Jl interaotloll ot the causes 
wb1eh produee the dltterenoe 1n tbe aptltude IIfNlD..I alld the 
41tter... 11l perJODall t1 aus' 
Th. eole purpose or the aDal.Jrsls 1. that of obtalniq 811..... to 
the .. que.10l'la. It 1. poaalble 110 _ow that 
era-.o;- + opa + aa;a + oea 
where the ft1'1ottS s~ are 4etb.e4 •• roUows. 
1.0""'11 1. the toW .1!UI}tle n.r1anoe ot the enterlon soor .. 
2.ca- ls tbe pon1on ot the total. sample Tarluce that la due 
to cause. 1IIhlctl. produoe 1d1e 41tteraoe ln ,he oriterlon _aDa 
ot the two group. torae4 OD tbe bas1a ot tbe aptlWde soores. 
a.cpa 1. the portlon ot the total .arap1e YfU'1anoe that 18 due to 
Oausee wb10h produoe 'he dlnerence bet .. en ,he Orlter10D 
meau ot the two P'OUPs toI'111.e4 on the ba.ls ot the peraoaall-
'" 800rea. 
4.0;,· 1. tbe pGPtlon ot the to~ _aple -.rlaaee tba' 1. due 
to all lnterae'lon ot the caus.s whleb. haTe produoed the 41tter-
enoe 'betwe.n the _08 as described above. 
5~a 1s the pcrtlon of the total sample Tarlanoe whlch 1. due to 
causes othe' thaD those ju't desoribed. 
It ill .. __ ted that th •• Talu.s JIIa7 b. obta1md tl'oa the SUlpl ••. 
Let us deat.gDat. th. oorr.spond1na population par_tars by the .,..1. 
/\ "\ """ /'\ 
o-;a era'S, <::Fj8, 0;;2 and 6'82• W. will teat the following three hJpoth •• 18 
1. cti· • 0 
.1'\ 
2. ape • 0 
" a.cra,· • 0 
b ••• en thu. __ , .e thr .. h7,p0thesJ.a .u.Uone4 in the laat p8.l"8&hPh are 
equift1 .. t to all hJpothaala in l'eprd to ,he _au tnwlved. 
III ON. to t.a' the .bon lq'pothea1a w. proceed .a toUOWIII By a 
mnh04 to " ' •• o1:1H4 111 8. lat .. parqraph •• ak. the toUCM1ag varlaaoe 
•• U .• '.a. 
1. .: 1. 8Il .stiJlat. or ~ + a~ 
2. .: 1a 8Jl •• tt_t. ot d}t + oi-
8 •• !, t8 _ •• Uat. of ~. + r?a 
2 ~ 4. a. 1a an .ettat. of • 
We to. the toUow1aa 7- rattos. 
e 
1. r • ~ 
a a 
a .. 
a 
2. 7 • !.a , .a 
w 
.a 
8. ra, • ...u. a: 
Jrow let us test ~e bJ'pothesi. oaa • o. It this ~he.ls i. 'tl"U 
than ~2 + dis • 1 and conversely. On the other hand, if this bJpoth .... 
O-e-
.1. 18 not tNa, the >1 aad connrsely. In other worda, it 
~~.cA:,I_a ~a  .- - :;::.l,.e JIWIt reject the h)'pothesi. era • o. Katurall7' we 40 
llot haTe these Y8lues .,allab1e. OonaeqU8Dtly _ U88 in puoe ot ~8 • ~8. (;Zia 
,-
the .,. - ratio, J'a • ...I.. Due to oh_ce error., it 1. very ualltel7 that ]'a • 1 
.1 
... 
..,. it ~8 • o. J:i:JwTer, 1t l!J8Y be that Fa 1. so mu.ch gt-eat .. thall one that 
.e are abla to rejeot, W1 th some degree or cont'1denee, the Jarpothea18 that J'a 
1 ••• larp •• it 18 onl7 beoaUle or chanM erro!'. It we reject thi. hJpQthe-
11., we must auto_ioall7 reject the equiTalellt bJpothesls, a;: a • o. The 
tening ot the b7P0theaes cri- a • 0 u.d o~ _ • 0 i. based Oil exactly the 
... argument .s 18 the teatins or the hypothesis ~a. o. 
Let us now tura 0'tU' attmtion to the pl"O'bla ot torm1nc the Tarlance 
est1ma.t8s .a • .a , • a , aa4 .a. It the .... or ca ••• 1n aach ot the ttN.1" 
a p ap w 
oategorie. desoribed abo ..... ere eqv.a1 or at least proportional, the toUowiDC 
.ethod m1sht haYs b.en used. 
To tlD4 1dle .,.alu. or .: • two differellee. oould baYe Mea tox.cl: 
1. the dI1'terellce be .... n the criterioll _an of the whole &rOUP 
and the cri ter1011 .... of tho.e h1.P 1n apt1 tude 
2. the difference between the oriterion mea ot the whola group 
u.d. ~ or1terloa mean at thoe. low 1n apt1tude 
-
-the .. dltterence. ooulA haY. be •• quared, nch of the.e l'8lAllts aultlplled __ 
the nuaber ot lD41Y1d11ala 1a the IJl'OUP 'UD4.. oonalderatlon, th .. e :result • 
....-4. e4 t. renlt ot tile .... :tloa 41ndel "" the BUDlber of degree. ot 
treectca. Wb10h 1. thl ..... 1IOU14 haTe " ... ODe. 
ma.. ftlu of .a oould haYe ..... oalcnalate4 1. a M1I1!Ml'P .at 1, .x-p 
aotl:r au.lOpwi '0 the _Dar' 1B 11111. e: dgbt haYe be. oalnla'ed. 
r.n u recall ,hat the gN1l}t of oae-lm.D4J'ed tift ln41'f'1ch\al.. baa 
lM_ dinded lnto tour -bsrCNps, 'band OB a .. toft .00J'e OIl ,he p .... oaa11t,. 
aaasure u4 a ou. ... tt .OON _ the aptitude ....... 1'9. III the detend.na'lon of 
.:1' a quaatlv tOJ' eaob. ot '!Ie tou subgroups ooul4 haY. be. oaloula'hc1 aa 
toU .. : TIle dlttena" be'he_ the cJ'l terl ___ of the 8UPOUP aad the 
oriterion MaD. of tba •• tlre aP'01ll' ooul4 haYe be. dn8l'ld.ned ad tMe dltter-
a.. oould haYe bee. 1IQ.\UI,rfJd. (We 1411 "ter to the __ of 'he o.tlre croup 
as the gruA IUd). haa thl. dutereaoe the toUow1ns .. quanti tl0. oould 
1. the .quare of the dlft_ .... b.1IWeen the grad __ and the 
aeaa or the a,'lWA. eatecol"J' in wh1ch the lndln.dWll. ot 
OV ",bgroup _gilt haYe "e. toUBA 
2. the .quare of the dltteoa08 '0 ..... the gI'8Dd aea:a. ad the 
__ of the peJ'aoDallty oa'egol"J' in whlab. the 11141n.duala of 
our aullpoup __ ha .... b.ea foUDd. 
'1'h1. re8&llt eou14 haYe be. -lahted bJ aultlply1ns by the numb .. of indiVidu-
al. ia the sUgotap lJm)l .... d. '!'here being auoh a quanti t,. tor all ot the tGllr 
ft'bgroapa ••••• q'UBlltltle8oould "0 be. I1IIIIl8d aDd thls sa GOUld have '00. 
dhi.ded by the n'Wlbar of 'egr ... of tr.edcn. whloh in ~18 oa. VC)uld haTe b.en 
) 
-.1. 
'" 
... we wou1cl •• We bad. ,be 'fala. fII _:. • 
.: aoulA ,.. ... _ t0rae4 'b1 ..w.tl"8O'lDc hoa ._ ..ore ~ ..... of, 
WhlOlul'lV ot the to .. oattrcor1- ... timuMS. a.e oDda1aed the 1aU:ridual haY ... 
lJI& ta' ..,ft, aqv.ariac." of the 411ft ....... thU torMd. adtl1aa the •• n-
ault., .... 41Y141Ac thl_ .. _ ....... ot dq:reea 01 heedolA. iIJ.'he ---
of 4 ..... ot heedc:a lJl ~. ClUe _ul4 ..... ,_ 108 .... • 101. 
UJl:t01"1Nllatel7 1t 1. iIIpoulble 1. , .. , .... , atud7 to .. leo' ou,-
ott ___ .0 , .. , \he -.b-01& •• b'equco1ea aN equal or at l_n propontoa-
al. Varlou authon 81ft d1ft.nat JIlRhoU of tCtl'lld.a& ftl'iaaoe enlat .. w1I& 
'M. 'ne of 41ttlo\1l" ooevo. '.rbe _tlloIt •• 1 .... tor tbS.. at"U.q wu pre-
_ted 1»7 Bhd..orl. This _thod .. 'be .,laiu4 by •• ttlq forth la. dfta11 
__ oaleu1ulou tor oae of -. ...... of 4.tUl. 
'-, WI oou14e". t1w hlat&l.atiolla of ,he ... 1 ... eatlat .. tor the 
MaJRU"e of hlt-N11 __ (Qmbol 1). I'1m of aU l.t WI dl'dde the gl"OV.'p ia-
to INbsJ!'<N.pa em. the ... 81. of ,be aptitude .oon nau1'1D(C tJom __ 1Dv ftrl-
able ftC"u1on eqaatl_. Ia ~ 10 ... F'O'IJ riU be all of tho •• Who .. aooft 
18 bitt ••• af.' aad at.llno1u1T •• _d la tbe uppe gl"Cftlp WiU be aU thu_ 
who .. lOON 18 ~ U.8 .. rsa.O b.elu1ft. 8eooa4l.7 le' us diTia. ,be 
CZ'OU» late two eubpoupe OIl ,be .,aa18 ot the !100ft on the Ma8l.U1t of _It-
raUaaoe. III the lower poup will be tho.8 Who ... GOre 1. be ...... G aaa 10 
1_1u1 .... _4 1. tJut GpPlr fP."OU.P ws.U be thOA 1Iho_ aeon I. b.' .... 11 aad 
18 luluS. ..... 
We wU1 now oaloulat. -= aD4 the .. of squarea tor per_all. a:ad 
f~ .,,1tude. lporba the tact of dlsproportlonalS.",. ot eub-clas. 
trequeaoles. 'Dle nlu. thus obtained tor -= Will be tUl uablued est1mate ot 
~~. HDwTer, a oorreo'Uon tor d18proportional!t)' 1mat be applled to the 
Yalue *1 ah we obta1a tor the .. or squares tor apt! tude ad the SUlD. ot 
squares tor personal!t,.. The method. used here to obtaiD the uncorreoted ... 
ot squares tor pGr80:aa.l1t)' aM tor ap\ltwte 1. alpbraicall.)' equivalent to the 
_tho( II'tlgesile4 111 a preYiou. parasraph ot this ClhaptC'. The anh04 •• are 
ulna 1. more rut_le tor OCDp\ltation. although 1t doe. not show just Wbat 1. 
hap1l1_ as olear17 .s doe. the oth .. _thode 
III Table %1 are talinllated the 01'i tenoa 8OOre. ot tbe indl rldual. 
Who h.,.. ben a •• lped to the ftl"1 ellS n.bgroupa OD the ba81. ot O\ltott 800reS 
.s jut a.soribed. TU ao1U1B118 repr._at the two aubg:l:'oupa tormed on the 
baal. ot the pet"aoDal1tJ cutoft score (bere with retel"8D.Oe to .1I-re11 .... ) 
aad the row. re ... se.t the two pups to:rae4 0Jl the basis ot the aptl tude out-
offacore. 
The JllDllMr8 uae4 111 th1. OOlIq7\tu.tlon 8ft touDt 1Jl Table m. The 
read .. 118.1 tft.e their aource bJ' rettrr1Dg to Table m. 
SUm or squares tor total: 
10t,ItO.42 - 151,088." • 8881.90 
sua ot square. tor be_ .. group •• 
~,08a.&o + 42.51'.00 + 21.862.12 + 34,191.40 - 151,088.47 • 2045.55 
S\a ot square. tor within 8fOups: 
888l.95 - 2045.55 
Wl thin P'Oups Tartanoe 
IHld.<! • 6'1.69 
105-4 
(The ditterence between the two 'hlue. 
just oa1oulated) 
4' 
'1'ABLI II 
SOO.i1m LIS'I'm IN CATlIOOHIEB :rem OALct1LATIOB 
01 VARIANCE· ~ES 
6 - 10 11 - 15 
a4.2 '4.6 M.a 8'1.8 
52.6 '".0 85.8 89.1 28.a 50.8 8'1.8 41.8 
4.8.a 04.8 40.4 8'.' 
4'.1 4'.1 15.' a4.8 
48 .• 0 51.2 '1.0 .f.8.0 
89.2 - es.o 34.8 88.2 •• 2 51.9 
M.9 42.8 '8.' ••• 41.8 41.5.2 80.15 2<&.0 
<&8.8 44.6 88.8 at., 
89.6 48.0 86.6 4'1.1S 
81.' 4'1.2 48.2 60.8 
40. a 48.1 48.8 44.1 
41.5 
24.9 8'1.1 8a.9 82.0 
Sl.1 41.9 25.2 2'1.5 
48.2 6S.8 81.0 81.0 
19.8 S2.8 82.2 86.0 
81.9 82.8 42.' 46.8 
SS •• SO.I '6.9 84.' 
41.' S2.1 84.8 2'1.2 
2'1.6 - 89.1 82.6 29.2 8S.1 88.1 
20.9 4O.' 2'1.5 44.0 1,.a ".1 28.9 
42.2 8'1.8 
28.6 81.0 
24.5 80.1 
29.9 26.' 80.' 21.0 
2!5.6 21.2 
1'1_4 
TABt.B III 
CClt:PO'lWrIONS USIJG DA'l'A J'.ROM: TABU n FOR IN'l'ERMIDIATlIl 
USE IN '!'BE ANALlSIS 
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~-------------~!----------------~.--------------~.~~-------------I j 6 - 10 I U - 1& I Total. .Ap'1ft4e 
····-------+-----------+--------t+---------I I n-2' n-26 i 
89.2 - 62.0 
27.6 - 89.1 
I EX .- 1224.8 IX • 1061.4 ) •• 4&.36 II - 40.44 I (IX)a. 1,500,185.04 (IX)-- 1,103,+&1.96 I (Jala.. 155,588.&0 Oa)S- 42,51'.00 
~ D n 
a" 5&.'111.92 as. 44:,18'.'. 
D· l' 
IX - 644.15 
II • 18.92 
(IX)" 415,380.2& 
u.>a. 21,862.12 
n 
IX· • 28,102. '18 
Jl - 46 
IX - 1889.80 
a- 88 
IX - 1062.8 
m. • al.l' ~) .. 1.128,481.89 
(EX) a. 84,196.40 
ra 
IX" 85,9615." 
D. - 59 
• • 4.0.68 IlITouta~Ll.:...F';t3~-El-eal* Li~l ttz.Y (IX)" 8,494.282.49 
i u;Qa. '15,962.66 
IX • 2118.' 
Dl - 85.82 
(~ 4.4a'.",.69 
~ ?5,m.lt 
Jl I IXs 
I 
Il 
IXa. 00,105.'7 
n· 58 
IX • .7S.2 
• • 42.915 
(IX) a. 5,181.,oal.44 
(J;l) a. 97.751.85 
n 
IXa. 100,901.90 
Jl • 52 
IX • 1706.8 
• - 82.91 
(IX)2w 2,918,166.24 
La! s. 56.022.48 
a 
IXS. 59,068.52 
:a - 105 
lX - 8981.0 
•• 8't.ta 
(tx)l- 1IS,8M,.' 
(.g}~151.oaa.4' 
n 
all - 15'."0.42 
SUm of square. for per sonall t1': 
75,962.66 + 75,724.19 - 151,088.47 
• 598.88 
51 
Let US leave these aalalatlona t..porari11. Their results will be 
... eded shortly. 'Ie will DOW oalaulate a conected value of .:p. the yerian •• 
•• t1-.te tor interaotion between apt! tude aDd the persoMll_ faotor studied. 
To do this we set up Table IV. 'the tour cell. in the upper lett OorDel" of 
Table IV oontain data fro. the eorreapoJld1D& oella of Table nt. iftle oalou.la-
t10D.8 of the entrie. in the other cella are shoe, and the souroe ot the data 
uaed 1n these calculations .,. be easl1y traced b,. tbe reader. 
'tABLE IV 
6 - 10 U-15 D WD 
• • 2' n - 26 274&6 40.44-45." 13.25x(-4.92) (-65.19)%(-&.92) 
89.2-52.0 • - 45.36 .. • 40.44 27+26 • - 4.92 = - 65.19 - 820.7a 
-13.25 
n • 19 n • 88 19%83 82.19-83.92 12~06%(-1.78) (-20.8&)%(-1.'8) 
27.6-89.1 .. - 83.92 • • 32.19 19+83 • - 1.78 • - 20.86 - 86.09 
aDa.B2 _ J-8&.08)~ 
25.81 
-n'.82-292.56 
- 14.26 
-12.0& 
18.25 
+12.06 
-2:5.81 
-65.19-20.91 820.'8+86.09 
- - 88.05 aSt56.82 
This ls the oerreetel sua ot squares tor 1Ilt.aotlo11. Slnce the number ot de-
tion ls 
,2 • M·M 
ap 1 
• ".26. 
We lila)' ... that 1Jl orde to oalculate the 'Ull ot squares tar lnteraotlon we 
(_~ 06)2 
bad oooaB1on to oaleul.ate the quan'Uty 25:81 • 292.56. '1'b.is 1s the ocrr .. t 
eel Talue of the sua ot squares tor perlIOnallt1. 81noe the DUIIlber ot delr .. , of 
freedom tor the .,.arluoe estl_te tor :persoJlal1t1 1s also un11;J, 
.; • 2If,f5§ 
• 292.56. 
In order to aal.o1llate the o_reoted 8\UIl ot squares tor aptltude, we 
need 8 quantity whlch we will oall the "oorrect10n tor dlapropor'Uonall t1". 
'1'h18 q:uant1 t1 1s the d1tterenoe be.e.. 'the oorreate4 8WIl ot square. tar peraco 
illt,. u4 the unoorreote4 a_ ot squares tor personal1ty. Let us Qmbol1ze th1 
qU8llti V by 'T' 
X • 598.88 - 292.86 
• 808.82 
!he corrected. .. ot squares tor a,t1 \Ud. 1. the dittereace between 
the uncorrected 8WB ot eqU8re. tar apt1tude and the correct1on tor di.propor-
t1onal1ty. That 11 
2690.81 - 805.82 
'l'J;le mllber of 4esree. of treed_ tor aptltude 18 un1 t1 so that the Tar1anoe e.-
tt.ate tor apt1tude 1. 
.a . J!§4 •• 9 
a 1 
• 2384.49 
We are now in po. 11 OIl to make "1" 'hsts. VIe tlud that 
S2 
F, • .....! 
a .. 
• I§.~IJ! 8f.6t 
• 85.83, 
J'p. ~ 
aw 
• 193,5.1 
''1.19 
• ... 82 
• .9498 
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lS1m1lar OOJD.pUtation8 were also eompleted tor the cnher fourte. personallty 
lYariable •• 
Reterrl_ to a "able s1v1nc J' distributions, 8 .e flAd tor em. deer-s 
~t tree40a aa4 0%18 hundred one dear"s of freedom tha" _ J'ratio of 8.94 is 
stantt10ut at the tiTe per ... t leTel and that all ., ratio or 6.'0 1s s1&1111"1-
=81'1t at the 0" percent level. .Appl71ng "he •• tact. to the 7 ratios oalculated 
abo.,., .. tiDil t~t J'a 1. a1p1tlcant at considerably bqOlld the one perce" 
enl, :rp 1s s1p1tlc8Jlt at the t1 T. :perc_t leTel, and Fap is not significant. 
!able V liy •• ., - ratty tor .ub. ot tbe fit .... taotor. on tbe 
ReoalUItI t_ F - n.t108 for b OIl. pel"o.' an4 ft ft per .. ' oonlt-
enoe levela 81" abow ....... ., 'the foUowlB1 ooDolualon. on tbe baet. 
1. All r ... rattoe tOtt apUtuae are 81cD1t1oaa' at oonald«rab17 'be7G1ld 
\ha ODe per_' 1 ... 1.4 
2. la 110 _sa ta an ., ... ratio tor lftteraot1on e1p1t1ou.'. 
a. !he" ... ntl0. tor aeU-relJ.aJaM 18 e1p.1t1oaat at tbe tlYe per-
eent l.,-el _4 ,bat .r t.u, 'Nla·U.ona 1e s18Dlt1ou.t at nea.rq 
the oae per .. ' leftl. 
tn us .!laid_ tIleineansOl'l the c.r1ter1oa of 8\l8ce •• 1. _th_tio. ot 
he t_ poUfil tonud .. tile _ala of the .. U"ItJ'8l1..... lao'ol' of the Jd!Ii:jIlA!.:~UI 
f4.. _.!!Ala. W. flad that _be II"OUJ Whloh was low 1. this taotor bad a 
tor _hi .... IIl' of 40.63. wh1le the I!I'OUP .1oh .. h1cb 111 thi. tactor 
ba4 a .... of S6.ea, "IJIll1I!tAl .hoa JdJ!!.1a& .,u-rd& •• la! ... wlm 
.... A2. !\91! B&Ji!l1R£l. ,..",-rI\1 .. 8. t'bt. reault 18 the oppo8Ue ~ 
that .hlGh .e would be 1DoU_d to cpMt. It.,ul4 be presuaptuoWl to d.,. all 
apl«lUltlon at th18 re-.lt wlthout mob tQnber nudJ'. tfowcrMr. 1t 18 BOt out 
of 01'Id ... to ..... t bJ'potbe .. a 
"'rhis 18 to be «EPeete4 tn Up' of W1e taot that the bul. ot abll!' 
o1aasl:t1ocd11on wu a regr_lon equation of daaonatrated Yali41t,. J"urtbel'. it 
18 to be expeoted tbat tb. reaulta tor aptitude 1DulA be the tI8Il8 1n aU ea ••• 
e1Dce the t" fP'OUP8 tol'Md on the bane at .p'IW4e aft the ... each '1_. 
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TABLE V 
F- RATIOS FOR EA.a.H OJ' nJ'rDN J'ACTOOS ON 
CALIl'OIftIA SST OJ' PlRSONALIft 
1 2 8 4 t5 6 '1 8 
J'a 85.28 d.US 45.09 48.'8 42.94 42.'18 44.59 88.18 
Fp '.82 .20 8." .58 .18 .42 2.95 .to 
J'., .95 .0005 1.09 ,84, .56 1.19 .151 • frO 
9 10 11 12 18 1. 15 
J'a 44.0'1 4'1.41 41.15 4,8.95 88.50 39.62 8'1.92 
I'p .so 6.21 .9'1 1.04 .002 .12 .00 
J'ap .18 1.01 .85 2.96 .U .68 .4,5 
86 
1. I".., b. tJlat tbu reaalt i. due to the ..... In whloh the 
00U'88 1. orSUlzed. Pttrha.pe tho .. teaohl_ ,. oourae alch" 
at .. at'_'"on to the po •• ibUlt, cd .. s.,latla& the amn_' to 
2. Matlalatloa 111 U a 'bqlJlDiIll CClIU.Jtse. Perhap •• oae who tad W 
.eek bal.p baYe _ ,, __ tap or .. th08& who t17 to work 'M .... 
out tor tIl ... 1,.... In .ubaeq_t OOW!'." WbID. fU11daalW con-
"p' ••• b_ -sWnd.t l' ID87 dft'8lop t-hat the I9D. .. 11-
n11_t stud.' will ha're _. a4YaJltap. 
It we «l'1'li4_ the _aaa tor aohl ........ tYl the .. l'l'Oupa tor.e4 QJl 
t .. baa18 of the taal.,ly relatlo118 taotor, _ ftlll that the fP.'OllJt whloh wa. 
hip la th1a faotor had • Mall tor _bi ....... ' ot '9_'_ '1'M aean tor •• h1 ..... -
_at of the 1I'01lP _loh was low In thls faotor was 8&.1. Apparu.t17 tb,o.e 
.... .00l'8. on W. taotQl" are h181'. t .. to NOtd: ... better ItOOWs tor aoM. ... 
IHDt than do thou who •• aeore OD thl. factor •• lOll.' 
._ La 
8 Tho .. Wi .. h1ch aoows em t. t.u, relatiou _4 W be 8eouN In 
...... teU7 nY1ro.erdh !b.Q' haTe goo! attitude. ~ the otlwr ....,.. 
of ,he tam117 _4 th., are 881;1.tled. lid. Cl tbe at'itud •• ot \be <*her tUlll¥ 
meber. toward tha. 
I' 
'1'1lere i8 aacnher 1ntereatlDg phU.OIUIlOA whioh JIII!l1 be obser'f'ed. Th. 
following tour oelled tabl •• , one tor each at the tin.eA faotors,contain the 
Aumber of scores in euh oat-cory. Diagr-.t10&111 the categor1e. are as 
tollowss 
Meb aptitude 1h1&t1 aptitude 
low pereGDal1 " blah persanality 
low ap'i tude low apt11rude 
low peraoaal1 t7 blah persOD8lit7 
l$,al I q g g 1(111 2~81 86 \) 88 A·· X .15 ?C 8.10 
, 10 m a 9 a a x 1~.4e " I If X 1.40 X ,.sa ?C .20 x·oot 
~ 85 I . X 18.0' * 
85 
X .00 
ID the 'abl.s Where x..s /8.84, 'there 18 a relatlonah1p that i8 slpl-
tlout at the tin peroet ~!,"l. In the table. wbent X· ;A. 6.8 , t_re ls a re-
latlOlUJhip that 1a aipit1eat at the one peroent leTel • 
.All iupeotiOJ1 at the. tables shows 'that tbere i8 a t_.01 tor the 
M&h aptitude-low pers<aaliV 8114 the low aptitude-hiat. pet"aoDal1ty .oel18 to 
haTe .,re oasea thaD the other two .ell.. It appeara that oae who ia hip 1n 
ap'1WAe 1. mOl"e likely to be low in per80Jlality than higb 1n per8OJ1al1V. It 
al80 appears that o.e who 18 low 1B aptitude 1. JIIOre likely to be h1gh in per-
soDal1ty than low in persCIDallty. 
stlWARY OJ' OONOLl7SIOt6 - REOOJlmmATIOJe 
!m! AtJ'ltHRi PATA 
fte 'be.t alllcle ",edict_ of .uooe •• on the basis ot a,tiiude 1. the 
plao __ ", t.st. AIld:l tloa at other test. hom the batt.,. a4ll1n1nered 41d a~ 
lJIproTe the o01"l"el.atlon ot th. batte1"7 __ aotual aohieT_t sutt101eat17 to 
justlt)' the u_ at the.e t •• t •• 
.,......1', It the 88orO tna a tour Ta1'iable rear_.slon equation, 
usll18 the lIatJleaUo • .P1.e._t Tea', t_ Oolle .. Aptitude 'ten total 1I00re, 
the 8pat1al taotor ,.. tlle MII81'J' .. tal A'bl11tl_ -ren, u4 the wo1"4 fluu.oJ 
taotoll' tma the PJ:01aaI7 "tal Ab11ltl88 Test, are plotted acrdaat the crlter-
1_ aeores 1. a saatte1"l!P8A a gNatar deer" holIe.0e4anl01V Is exhiblted. 
m:.:,soedastlol ty 1. not appmxt.atet It the .oorea tl"OlIl the plao_t t •• t fU'e 
plotted 1. a aea"e:rsraa aca1D.ft the onterl0.. !he importano. of 'thl. taot 
11.. 1. the taot that 111 th the 1D.o:reaae4 hGmoa0e4aatl01 t7 0... laoreaa. a.· 
.ltlTl.,. at the outott' pobtt. 
It Is :reoo.eade4 that the Wrlp", Collep .'h_tl08 Dep8.ll'1lmat 
I1Te a, .. 'l_ to the teaai'bUltJ' at u.l. thl. tour Tartable 1"agres81_ equa-
tlon in plao.ent of nudets 1n Math_tics lll. 
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0D.l.y two of ~he taotor. of the Qa1J:toNt :!.'U! !It.. ~1.l11l o. be 
identlfied a •• 1p.1t108J11i17 oontr1'bu'tl1'l8 to no .. s. ln Mathematlos lll. 
!he taot tha~ the .elt.r.l1uee tao~cn- 18 inftl" •• l, rela~ed '0 .ue-
oe •• ln MathaaaUoa 111 sUMeata that teachers should at'ept to 4180o"fV' 
Whether proft4ure 08 'be iJl'btodu0e4 lnto the olaSIJl.'OOIl that will .nable the 
.... aelt-rel1aat a.4.' to 'beaetlt t:raa hie poa .... l0. ot thi. d •• irable per-
sonall t1. 'rat t. 
The tae' that aftd_ta w1 ~ ad tall117 relation. seem to do better 
ia Jfaih .. tiea Ul1a a _t, .. of 1 ...... to e .... lo". Xt eaa Ulp u to un 
derataad the dlttloulUe., ot lOme stude1is. Certainly it will be a rare ease 
la Whloh 'he school 0811 be etteotlT8 ta 1IIlproYiag the tall111 relatlona ot a 
aftd_t. Ill ......... a judioiou eouuelor .,. be able to help a etude. 
tapro .... hi. reaotion to a ltad tmdly .1 mat lOll. 
b table. a' the e:rut of Chapter IV ..... ln41 oat. that the hlgher 
aptltud •• 'hI4.t ls 1 ••• well adjusted thaD •• 1 ..... aptltude nud.'_ The 
,ruth of thls oonoluatoa 1. a lcmg n8l1dlq queatle 1Ihleh 18 n~ the poll1' 
at 18_ 111 thl __ tudJ _ Oenalnly 'thls at~ oau.ot preteD4 to reach ...,. oon-
oluiOllS. lI'Dw •• , ,. reRlts or thea. ob8enatlou polnt to a posa1ltle fleld 
tor more stud1. 
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APPBNDIX 1 
APl'rJ.'UDlt: DMA 
Student Cl"ltel"iolt. 1 2 8 4 5 , 'I 8 9 10 
1 11.0 as ··891 all 101 
'" 
81. 8a 18 Ii(} 1M 
8 10.8 54 808 au 801 89 81 84 28 54 aD 
8 .4.8 65 801 814 80& 43 45 88 82 89 4rO 
4 8a.a 50 895 819 805 42 4O 85 19 4' 45 
5 aa.a 50 290 82' 8M 
" 
4' at 19 4. 18 
a 18.a 69 806 a08 801 48 82 88 U 4a I 
'I 34.2 60 atts 814 aoa 48 I. 28 115 8t '2 
8 86.0 62 a91 810 802 44- 88 a& 18 41 28 , 84.6 4' 884 11a at8 61 26 It la 46 21 
10 18.5 68 105 801 801 18 II 16 20 26 l' 
11 8'1.8 68 at8 III 101 4. as aa 14 48 18 
12 a'.6 s, 890 819 loa 49 21 l' • 6S l' 11 88.2 62 1'1 818 801 60 41 8S 19 so 20 
14 1'.1 S9 802 814 80'1 19 16 4'1 21 20 18 
us 8'1.5 U 299 III 8O.f, 40 40 40 1'1 28 ao 
1. 41.8 H atl au an '9 al so lS 36 28 
l' 46.2 
'" 
195 808 801 48 40 a, 21 84 80 
18 46.13 18 893 8U 80l 4S <l8 at a15 4. 25 
19 •• 8 60 292 818 801 4' ., 85 8 '1 82 
80 M.O 18 192 881 104 46 29 89 l' 8a II 
81 U.6 54 290 819 802 4' 11 as 18 85 Sf 
82 24.0 '9 290 .80 805 U II ag so 88 a, 
28 2'1.a 
" 
296 819 801 48 81 81 so 
" 
40 
M a'.5 62 811 8U~ 811 41 as 88 18 41 14 
15 28.2 a4 808 810 a06 « 
" 
81 28 M 18 
26 81.0 '18 80' 81a au 88 86 28 21 41 81 
2' 29.' 86 2ea 12' 80a 150 88 89 21 81 M 
28 81.'1 49 806 804 804 41 24 28 18 48 a8 
It 88.8 
" 
292 811 808 51 22 20 11 84 to 
80 41.8 ., 800 811 808 48 88 2' 28 88 19 
81 41.9 68 802 811 801 48 86 40 80 81 58 
82 ".1 ea 288 821 808 62 22 80 2'1 41 a, 
88 4'.2 10 800 au 804 48 88 89 l' 88 us 
84 4'.5 69 80' 811 808 46 8'1 88 29 415 80 
86 48.6 YO 808 816 808 <&6 40 80 28 so 21 
86 48.6 so 296 81' 805 48 81 28 ao 88 21 
., 10.8 48 290 8J'1 805 01 88 48 22 88 29 
88 U.5 ae 29B 814 802 55 80 80 21 2' 80 
89 1M.8 88 809 811 810 '6 '6 2& 26 82 25 
40 80.1 51 808 814 80a 54 2& 84 18 48 aa 
41 85.8 45 298 a80 80' 54 86 45 18 51 88 
&2 
APPEllOIX I 
AP'l'~ 12ATA 
Stude.t' 01"1 te:1l>1 011 1 2 8 
" 
5 8 'I S 9 10 
42 8&.8 6' 299 Sal 809 158 as 22 25 8' 86 
48 ".'1 59 801 SlS 806 !Sa &It eo 21 40 11 
" 
48.0 68 806 821 81! '9 42 82 19 42 29 
4IS "., 'IS 805 81'1 310 .'1 49 39 2'1 41 81 
46 49.6 58 898 821 304 &5 40 88 24: 34 81 
4'1 4S.8 71 29G 821 106 15~ 3(; :m a. 8'1 4.0 
4S 48.8 57 299 828 80S 51 40 815 as 52 10 
'9 &54.9 59 296 Sl' 8015 M- 3' 29 20 2S 1t 
10 84.' 58 808 821 814 4f) 46 38 28 11 18 
51 8'.2 65 299 880 311 ,49 82 86 19 U 29 
52 ",8 72 aoe 31'1 810 52 48 25 a'1 54 2'1 
58 49.8 49 80s 823 811 58 26 2'1 88 22 29 
154 50.8 '18 298 336 808 GO 28 SfS 18 22 88 
6t5 l51.9 '18 296 821 807 6S 85 2a 19 8S ,. 
86 89.6 '15 80S 880 81' 60 42 45 21 8a 48 
57 40.4 '8 814 S19 81' 
'" 
45 89 21 
" 
21 
58 406.' 
" 
807 824 816 155 4S 2'1 2fS 513 20 
59 46.0 ItS 808 881 811 159 42 2' 80 68 II 
60 tsl.2 '8 80s 821 814 5' U 54 a7 58 89 
11 4.8.0 8S 831 81' 815 44 ''I 81 It S' 11 
62' 48.Q 
" 
80'1 88S 81' S6 28 88 al 150 l' 
18 &4.8 '17 819 819 880 a8 an 22 21 51 19 
., 82.6 12 354 ., 280 4! 6 M a a2 29 
65 25.2 29 2'8 297 286 89 1e 9 12 2'1 20 
66 29.2 88 294 281 299' se 29 81 18 29 18 
67 80.7 81 28l. 298 298 41 26 82 20 88 26 
68 28.6 eo 288: 288 288 41 :':.5 35 18 D6 81 
69 88.9 89 284 29' 290 88 25 4S 82 as 15 
70 24.5 as 2'15 804 2St 40 86 eo 18 50 88 
'11 29.2 60 292 291 291 3' 82 81 19 44 22 
'13 29.9 42 284 300 291 89 2S 80 10 87 80 
'18 20.9 86 281 804 291 38 29 25 17 28 24 
1. 82.6 48 279 300 289 42 22 21 16 34 82 
'15 81.9 44 2'15 805 290 40 23 29 19 80 26 
'16 42.9 28 200 299 290 42 16 10 8 25 12 
'17 40.'7 88 271 814 298 88 2'1 58 12 45 .. 
78 85.8 51 294 2M 294 38 38 82 18 28 19 
79 42.2 42 28' 305 294 39 24 28 11 8a 21 
80 29.5 41 284 805 294 41 18 2" 14 40 26 
81 82.8 49 200 30'1 296 38 80 81 l' 2'1 80 
82 26.' 54 294 292 2M 41 88 89 14 86 22 
6a 
.. -
.APPENDIX I 
~ 12Al'A 
Stude" Cr1tU'1oa 1 I 8 4: 5 • 'I 8 9 10 
88 81.0 
'" 
290 800 29. 42 81 29 22 82 19 
84 21.2 59 296 29'1 29'1 18 40 45 80 50 80 
85 23.9 88 288 800 294 
"' 
84 2'1 20 8' 28 
86 '1.6 86 290 808 29' 41 35 82 22 4' 86 
8'1 19.8 40 294 800 19' 41 82 86 16 31S 20 
88 46.9 48 290 800 29. 4'1 25 82 lIS 41 19 
89 44.0 85 294 299 296 
"' 
2a 11 16 51 18 
90 2'1.5 4:. aae 818 89' 4:. 40 2' 21 40 4a 
91 S2.6 8' 284 IOf 2M 4:, 81 28 1'1 
'" 
., 
91 44.6 48 288 81' SOl 8'1 84 28 28 • 26 98 82.6 1S1 292 80f 198 ... 
'" 
40 1'1 1S5 19 
9. 1'." 49 298 804- 800 Q 8'1 45 26 84 1'1 
95 18.8 46 294 818 802 88 20 26 11 as 26 
96 80.5 I' 298 805 801 40 48 88 
,. ., 28 
9'1 24.9 55 298 808 302 88 2'1 26 17 29 1" 
'8 81.6 50 na 110 299 .. 81 ISl as 
" 
18 
" 
41.5 '1. 806 292 299 46 44 21 84 88 19 
100 " .. 66 29. 808 801 43 82 1" 18 at 81 101 85.9 
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